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ABS T RACT
Th is thes is IlTl'S('nl s l\ syslt"l1 which i" (";opahll' uf rt'nJgll i z ill~ h;L1ulw riu .'u ( ' hill' '''' '
cha racters . The 1,irTllrcl .;c;l1 illtrihlltt'l:l gr ;'llh T1'pn'Sl'ul ntiulI (11,\ ( :It), a hnd,·\",.J
g rap h. is illlrod lln'tilo CII'St"rih., tl ,t· " Irlld "r a l .111tl sla l iMl j,·,,1 illr" n ll;ll i" lI u r 1.;1111 1·
wri tten Chinese cha racters. Till' firs t Ij'w \ .1,'S,-r ilo\'S rmlintl s ' '' 11 w 1;,Ij,'1I1' ), .-1\\""11
radicals within it d ' il Till'lt ' l", IIll' ",'\,(>n.II ,,\"<·, '!l";"rilu':!slrulws 111 111 ....1,.1;,,"" II<'1. wo '('1I
st rokes in a rad ien l. Wit h 11,\ <:11, li n- 1'l't'o ll,lIil,iu li ptu l'l'SS 1."'"11111"" 11shlll' l. · task "r
graph mat ching. A ('u"l rllll cl iu ll llIHppi ll1!;11fi llll li, I;,t "lll; 1 1Il" ,It·, grill' ll is hu.n .. lufl·' l.
Thls ap prca ch rnntoh-rnn LIIl' \';u iilliull"o r llt\ ( :ll whirl, t,.(I,, "t tllP illsL,,1.1iLjl'S;1I11 1
va riabilitk'9 or handwrlucu ( ~hilu~' ..!t;lri u"I.,rs TI'Su lt iult rrulII ,l ilr" n 'ut wti til1~ sl yl.'!!.
Several rule!! han' " ''1'n 111'1...1 til n'- i\rrallgl' tl." ot. l" t ur ti ll' wrt in 'S .. r t l... Rt OlI.I,s ill
o rder to avoid th,~ (,OIl1hilliltut illl c ~x"l"sioll inl ...r' ~ l t ill " rOlI ,11 ml,td.ill"', 1101.....1 ....
Jl AGR, thc mo cld clllt ft !lllSL' is Ut~a lli1....1 as a 11I'1l·tI ,&',\1<SIll S Illulti · wa y h I S ' slrlldu r<'.
local decisions at clilft'T\'lll k-vr-ls ur t ill' Irl'<,t.. li. ltl I I rur rc'S ltlilU li ll~ 111"." 1 , IHlt 'lI'lo,t
in t he da tab ase. T ile Illll t d lilig l'tcwc':<S i1'l \1't)' d lj"i. 'lIt 1111<1 llfTurlll . " HIl.I 111'1 w.-11 tl tl'
sy ste m can «cquirc t1~Jl r"1'Icllli\tiutl.s or c;IIMI1I:t"tS by n 1"ll.tlll11Jt IU''' ' 'ss . Si,v. 'n ,1 IIA·
Glls or sam ples or II r:hl ll'i lt:ll: r G ill III' sYlll ll'siwr1 iutu n sill,ll, I!, lII\C:f( " r ll l" di ll t llt t , ' r
which can then be indllf ll'(l ill tilt : II ll1tld ,J;l t ll l,I 'SI' , IIIHfl,litjllll, t i ll : It'l,rllill,ll, pron 'ss
can upd ate t hc models "rd H.fM:let s wi l l. t Im II I\C: lh "f t lwir SMIII,I,,... T ll<:sys ll:m
is implemented ill G 0/1 It ~ II I'S/~ I .120 f ll lln i ll ~ UISC;/O S ( V" rs illll·:t , l j .
iii
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Chapter 1
Introduction
Handwritt e n Chinese character rl'Cogn iliu lI is wI'1l klll/Wli tu I,,· a w ry ,lillin .lt p nolt
Icm. Because of ib praglllat ir. value and it s lh1rtir.1I1ariLy ill lilt !!;.· 1..1111'1.,...• Spiln '
recogni tion, tile to pic 11a.~ allriu:k ..1 111<1. 11)' rc."Sl'iudIITli allli lli l" 1,,'('UIIl" HIll" u r ti l<'
mod Ch.ll1clI~i n& research ll ll hjl~ds ill the field 1I{pattern n",( '~lI itjUlL . '1'111" lIla jur
difficulties come lrcm t he fcllcwing Iactors: ( I) The re arc llIute th.m rutty llrIJusillul
Chinese characters. Over a tenth o f thcin ilrt~ fllll lll lunl y 1/~ ·. 1 ill .lil; ly Iif.' IWilll"
1988]. Such a large nlllllhcr or charad l.·f cak~flri,'S Illak.'ll 1I 1 ' ~ r.!t"u~I : ; l iIOll V'''y .Ii lli
cult and slow. (2) T ile strnc urres uf Chines e I:hat lld " r:! liT!: wry . :" r ll pl i ' :i~1.f ' 1 1. MlIJlY
sha pes, sty lca, posit ions IIf raJir.alll, a nd ,Iir l:d ifll ill IIr Im l~l l i s uf !.11I: !'ol r.. k!",.
III spite of these difficulti es, many te chniques have been developed for solving the
" roh lclII. TIleY haska lly can be classified into two major ap proaches, na mely, the
s taii~ticalllletfJOd and the struc tu ral method. Typical sta tist ical a pproaches are oor-
relnuo n match ing [Yalllll.6hita , ct 11.1. 19821, background feature d istr ib ution [Natio,
et ul. 1981], background analysis [Akamatu s and Komori 19811, st roke a nalysis [Me r-
ishit n, et el. 19881, and ort hogonal expansion [Arakawa 1983J. Correlat ion matchi ng
typica lly requ ires some forms of norma lization. However, normalizat ion has only a
limite d capability to compensa te for the hu ge variety of writ ing styles, such as red-
icnl positions, direct ion and lengt h of str okes. T he last four ap proaches depend on
ext racte d features such as st roke length , st roke direct ion, st roke seque nce, and re-
lat ion between strokes. Usually these features are re presented as a feat ure vector
«nd th e characte r recognit ion is performed by selecting the reference character with
the min imum distnnce from t he inpu t character. However, t hese featu res tend to be
unst a ble as hnudwrit ing differs from person to person. One method to overcome such
difficultie s is to shift the burden to t he users by imposing constra ints on t heir writi ng
IWakahara and Umeda 1983). However , not all users will accept t his an d some may
have dilliculties observing t he specified rules. Another way is to increase t he number
of 1II0dels for each character cat egory in the dat abase to allow for th e varia tion caused
hy th e il1 ~ ~ abili1y of the fea tu res. Unfort unately, this will increase th e database of th e
Chinese cha racters enormously, For exa mple, t he hand writte n Kanji dat abase FTL8
('(llItnins 152,9 60 samples of on ly 881 different Kanji charact ers. Each characte r cat -
cha racter 5('1, t he lIIalc l.ill& IINn'SS will ht' \1.'ry l im\""u lI"" IlIillt; .
J\ lt hou&!1 C hlncso charad eI'll han' a \1.'r )' rmnl'liralt~1 ,.tnlt ·lIm', li lt·)· ' In ' ,.Inu·,
l ured accord ing to ~llme rules which ar l' illlll'llt'utll 'ul uf wfi li ll~ "1)'1.'S. Tll is s l flwl un'
ca n be divided into th ree levels: the whlll.' d Mra rlt'f 11'\'''' , ti lt, r;" lit,.,I It'vl ,I, :\11'1 1111'
stroke level. T he gt'Omcl r ic dl1lfadcrisl iCll of t Ill' slru kt'll \'Ilry t ll SUIIIl' .'", It'll l wit.h
diffe re nt writers , hUIthclrs l' ilti lll rda t inll s ,l11 i1 gl~lllll'l , r i l ' 1'1l 11 1iAIlr<1 1iullS <HI' IISII;IP,/
wel l maintained. '1'111:",: Ilw !,l'rtil:;;1:1111 Ilt, fq;; ll'l ll ~ 1 liS iUVilrillllt. r.' ilt lll'l' :< ,!lui l11ak l'
st ruct ural ap pn!HChl'll more a ttrndi ve: fur 1I1l' fl...·l.guitili ll u( II,uulw ri1.l.c-1I ( :hin , 'lII'
characters , Olle line or n 'lll'ar d l lI'it llill slrndu rill ;11'I' TtI;wlll's r"p n ""'llls il .·llilr;u"lpr
pat tern as a st r ing and l\ &rAllmlllr (I:ill ll:r o mt t'xt ,f rl" ur tl'St r idl 'll nllllt'xi Sl'llsi t i\'!'
~fammar such a ll an illdexN I gra mmar o r a progra nllm,,1 Aral mm,r). 0111.1 ot ''''rst'r ft.r
t lla l par t icula r grammar j" Imilt lu rec ognize tilt : pallt'fll !ZIIO' ur. anel Xia I ~JS;I ; Tili
and Liu 1980; ZI1 ilO 19!)()!, Slrin ll;gra lll lJl<ir:!nrc lint ,tllWi,tful ;u"III.'xilll l' t ' I I< II1~ 1t 1..
han dle very complica ted charAclcf!i wit h S('\'('r....l ra l ljca l~, TI 1I1s hj~Il('r d ill ll'lIsj' OII i11
gra m ma rs (l ree , plcx, o r ",(:1,) U ti: tl'lilli tl" f. 1I I1WI~Vt:t, hiKllI'r .l illll'lIsi"Uid J,!,rilllllllllt!l
arc m ilch mo te clll ll p licl\ ll~1 and IIII:k p raclk al value. Auutht itp PIUiU ,. i.s III 1IS1'
pattern mat chi ng illstCllfJ ll( parsi J1 ~ [C l lll n an.1 Cl lt ~llll~ I!J II~J . 1.' '1: 011111 Khu, I !JM!II.
A cha racter pn tt cm is represente d itS Il relat louul I\rap h ill wlIii'll 1I1l ~ Vi:rlin's w !' ,
resen t the st rokes while tho a rcs reprt~cll t th e rd aLiunsh il1 I.elW....-u s t n ,k<::i, Ti m
f)1 ~~ pi t.~ t lw~ /~ IU r V,II I I,il ~I'~ , curre nt gra ph a pproaches de no t Iully usc the str uctural
II rCJp l ~r ti f'~ an.l dll not pr ovide effoctivo o rga nization of the huge mod el data bas e for
f,~~t alld ,U:C" lIri' l", ~,:arclli n~. Fo r l, lti~ reaso n, a new metho d which is not sens itive
to wril,illA sty l l~S i ~ prop() st~ 1 and it olfers us ers a high deg ree of flex ibility fo r cllcc-
t i vl ~ rl'cog llil,ifJll of handw rit ten Ch i 1Lt'S,~ char acle rs . Th is met hod is derived from the
stahle fea t llrl'S of the charnctcrs. Howeve r , ill t ile recognit ion pro cess, some of the
1I11SI.1I1.1.' fl"I1.ur. 's ~!Id l as the or icntnticns of the str okes arc a lso necess ary , Hic ra rchi-
cid IIt t ril l1l ll ~ 1 gril l,hs are dt'vd o]lc, l to dcs c rlbe bot h luvarla nt aud un st ablo fea t ures,
wlth ;lIlj' II·"lIl:y matrlr es 1IS1' t! 1,0 rep wst' nt t hese at t ributed gra phs. Th e bit s of the
" lIlr i ,'~ ill a mat. t ix d(~sni l Jl' the itlt rihutell set associated with a vertex or a n edge,
1I,'Spd 0 11 lilt' 1.l 1l ~ bit-wise rcprescnt atlon, II cost func tion is int rod uced to m a p the
g rnl'h IIf all inpu t rh nrac tcr 10 that c lits model. This approach ca ll provide so me tol-
,'nUll"!'to LllI' va ri ,llioliSof dl <lflld ers written in d ifferent sty les, For gra ph m at ching,
S,'\TI";II r ll lt,s are applie d to re-arr ange the o rde r of t ile vert ices of the gra ph in o rder
1/1il\'(li,1 1,lw l"OIllhi llat uria l cxplosic.r. Furthermore, the model datab ase is organized
'1.~ a IlI't l' tIIgl'Il"OIIS11ll111. i. way I,r\.'(~ according to t he sp a t ial rel ati ons between radi cals,
ttu- numlu-r of s \.rok{'s p, 'r radirnl, andthe geometric configura l ion of st rokes in each
nulirnl. I r si ll~ thc hil'f,1rl"h;f,11attributed g ra ph re presentat io n and th e mult i-way tree
urgi lll;'m t,;ull IIf 1he c1 ,,1.ahase, the efficiency of the mn tchlng precess ca n be im proved
t"lllsidt' rll hly.
1.1 Structure o f t he syst em
of two funct ional p arts. Tho flrst part is Irom I hI' HH,.l' hll~ , " llL i IUL l'illllpl,'s
o f a char ac ter " , to t ile hex "''I'"hlp network tl r~n llbw l,iull of Illt,,!t,\ ,l a l il h il M'~ . TIlt'
figure ilI ll~tralt'll the procedure fur building a ud IIptla l,illgtil\' 111",11·1 .lal;,loa...-. TIll"
rest of the flowchar t shows t.he sl ~nl l ill Ili lti. whirl! IlI'r[' ll'lll S ti ll' 1"\'{"ull;u;1.;mt tnsk.
Th e recognition procedure mny hr- d id,I, ,] iutc tllrl"(' k'vcls: lull', illl,t·r ll"'(liatl·, ,1111 \
high . The low-level essentially ilivolVt's thin lli ng, skt' ldull t ri ll ' jUg, :"'p;I1"'IIL 1Ilt'rging,
and stroke grouping . At Lil,' iutcr ruediatc- Icvel, l.hr- hh-rurehknl ;Il.l rihul.,·,1 gril t.11
rcprcsontaticn or Ole input Ililllllwr iu"u eharurter is gt'ltl'rat.t'fl. '1'111' r' '('IJKlli t i"u ill
the hlgh level involves mult.i-way t n 'I ' ~~,;trl' hi lll!:, l!:1"il l'll IImtcl. i l% .11 1<1 IlI<lppi llJ.\<,us l
com puLat ion.
1.2 Organ ization of the thesis
The thes is is orgmli;(ed into eigbl d lap l.('r~ . Clral, t.f' r lwu i lltmd lln ~~ (,x isti ll~ ll:dl
niqu cs for recognit io n of CllilifOSl: dlarar tl~rs s uch as " j;l dli llt~ pr inkrl ( ; l lillt'sl ~ d Hlrar"
ter recognition, orr·line Cld lll ~Sf~ cha racter rec ognitiou, IUItI u n-lirw C hirrl '1\f ~ f,h .. rndn
r['cognition. Chapter three clcsnihes howl ire loral prlJpf :r l i (~ f j f all illl'ut dl il r••ctnr
arc ch taincd and ()rga ll i~cd for fll rl, ll l~r image Ililillysis illl,1 n~" rl :S ' : lI l. a l,i rJII . (: ll«l'lo:r
fou r is devo te d to t he lril:rardriciL l a l,lri],ukd gra ph rcpresenf.ution f,f IJilut!wr il.l. :u
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Figllfl ' 1, [ SI I'IIl'lUt(' of proposI'll system
Chinese rha rar -tcrs lIud I l lI' fOI1s1rucliu Il ur III<'hit'm rt'hir,,1 "tlrilollt..l ,:;r;'l' h rl'I,r. ,·
scnta t ton. Ch al'l l."f Ih l: !:i\'l"!llllt' Illt,t hud fur r hi'fil(-h-r " "'uI:,nil i"Il, ,\ t"l",1 Illil l'l'illF;
funcr lou is introduced t o 11\/llrh t ill' all r;IIllIt'l1 ~r i'l lh uf au il111111 d lilr;u'h "f illl,lt !Lill
of its mod el, III Ch lllllt ' r six, lI lI' hc1 e"ftl"I'lll'lll1 ~ 1tI111t i ' \\"il~' t rt'" list'll tu " TF;il lli~, ' lh.,
mode l dlltllhast" ror r<lst itlli l itl'f n rith' '' ' ';IUhi l1j; is . Ii"f ll"st'll. lI i' '''''11 '' 111111'IIlu lt i WilY
tree, t he search prt)CI~SS c a ll he Ili,,; ,I,"<1 iliin il nutul n-r t1r ';;1111'1., ill" I II1I'1I1, 1''1';si' " ls ill
iug procedur e ro r huildillg illlll llpdirl.illl!;1.1)(' II1lJd.·llla l ah;I.~I ' is d l,~t'1"i l ,, ·d ill CI' ilpll'l"
SC\"Cll, Chapt er cil;h1 p;i\ 'I'" I Ill' 1 ·'lUd ll " i"II.~ il lI I 11" IS,~ i l l1 I ' l liTt'di"ll " fu r Iu rf.lu-r TI'st '"r l"ll,
Chapte r 2
Survey of T echniques for Chinese
Character R ecognition
2.1 Int ro ducti o n
( 'hilrad I'Trl.'I'uJ;nitill ll is II s lIhsd IIrpatt cru recognition. lt was character rcrognil ion
tl lllt Il:<ln' ti ll' illl"1'1l1i\"'s for milking pat tern rcc ogn it.iou and image analysis mat ure
fit·lds ur sc'iI' I Il'l '. Chi llesl' dlilrlldw rceoguition (CC H) offered II challenge that was
ill (,(·tlil i ll k.,~· ilsp ,'("ls Tq ln'st'1l111 '-i\'(' o r II I(' larger wo rld or pattern recognition. CeB.
prll\'hlt~ lin illl1mrla ll1.II'HY tu input Chinese cha racters in IImassivemanner. In recent
.\"I'i1TS, a l'tJIlSill.' rah ll' muounr or work has bee n done on Celt The CeR techniques
rnu Ill' r ll1ssi!i l,d 101\1 IhTl,(' ruaiu ralt'gnrit'S, namely, I) printed cen which is the
rl '"ul;ll i li tl ll \If sl'l',"ilk ('hi li l' SI' f' ll l ls (SmJIIg. lllar k. K al, etc), 2) oil-lim' handwritt en
cell which is thl' a ...·ugnil itJll uf si1l1;1,' ha11<l \\"ril1t'n Chinl's, - ..h ilr,u·lt 'r~ _ wlll'n ' not
only the c1lilril("ler il l1.lg'- b UI also Ih '- li ll lill!!:illf" rll lOl l iuli uf t'a dl sl n ,k ,' is 1,nl\' i ,I,~ I _
3 } handwri t ten r eB whirlI is tln-rcrognitiou "fsilll;l.. hamlwrittvn (' hi,u'S('dlOlr"d ,'rs
wh ich arc lI11fOlI IlC("\t...l .lull 1101 wrhten ill ' ·ill1igrOl phy. ~II far , prilll,',l ( '('Il ,11,,1 ,111
line handwrif.tcu CCH S)'s1.t' lI ISMe al nwl y <l l"ilil"I,lt' ill till' lIl;lr kl'l 1'1,11"" Tt"'lllli' llil'S
for doillg umlu-font . prinled C{'1l ar.. ill·ail.,I,l.. in tlu' lal ,ural" ri, 'S. Hnudwritu-n('( ' II,
however. is still rar Irum ' willI; Ilrildicill \Ll'lI\' l~I~ 'jI .
A typir <l t Cn sy~tCl1l ill.-h ltl.'S tilt' f"lIowinl;fllnd iUllil l (·tJ1HIHIIl"lIl,s. 011 ring pn-
images. Ccrteiuty p cs of Hois t' (·l1n l ... ,·lilll i ll ;llt' d ill i.hls l'" iu l. l'll t un · lim' Ililll' lw,.il
1 ,1 ~ 1I CCIt. tIll' stroke's llosit iuli.• lin ,,·Hun_ i1ll1l l"nll,l,1l it fl ' rupt.ur ....1 wllil,' it sl l'" k,' is
drawn . T lw rd llrt" i l. ist· ilsic rtuIJ111iJi11 1.1w slruk" S!·'11l"1...,os" r a ( ' ltilit'sl, ,.hi1rild ,I'r f" r
the on-Hue CCll. Th inning is n'ljlli n '.J III n'I Jlln' l lll' illf" rmal ,i.. 11 w·,'d..,1fill' 1111' lII'xl
step. After [lTcprUt;l'Ssillg, tile l')(tritcl cd rl';ll ll n ", "f t.ln- 1\1·1... liml'!Isj'III ;11d" r" IIl;llrix
willbe used to mat ch ilg" ills t il sd "f PI·"..~1. ll rt·, 1 rCilt,mt'S " f l.lll' rt'f"I,I ,lI, ....1 Cllirll'S!'
cha racte rs. The lJ('s t 1Il;1 1(~hilig will I", 1I~..r11.ui,I'·lIliry !.ll' d " II'a"1.<'r. '1'" 1"1',11"" , Ill"
recognit io n t illl(~ IU III to 1\(:111,:\'(' it IliMIt fl' t'lJll"i l ilJl l nth ', i ' 1111111 1sti,W' II 'l"t'l;n i1.i l)l!
subset of Chinese d lilr;,cle r illl o slllidl J4rollp.~ , t llf'lI l,lll: lil,nl , IIS':fllll iliitl i"n idl'lIl,ili.'s
the characters from each gr<JIlI'.
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"J (,g i ,~s in celt is gi ven. Th e problems of pri nted Chinese characte r recogn ition,
on-line Chine se cha r acler recognitio n , and handwritt en Chin ese chereeter recogni-
ticn wiJJhe discussed .
2.2 O n-line handwritten C CR
Ch i-line Imlulwritl c ll C c.:1lis simpler t han printed CCR a nd off-Iine handwritt en Ce R
I l(' cn. u ~ e tho tnechiue can catc h the accura te sequ ence of strokes. In on-line CeR, the
syst em only needs t o recognize less t han one hun dred different kinds of strokes. As
loug /1.l\the umchinc call recog nise the st rokes a nd the rel a tionshi p ol the str okes, it can
n 'l'UgniZt: II I' to seve ral thou sand s C h inese ch aracters . Many meth ods ar e availabl e
fur o n-line clas sificnt.ion of handwritten Chine se charac t e r. Th ey are de scrib ed below.
2,2 .1 Featur e ana lys is
A set of fl'ahur~ ca n represe nt a.handwritten Chinese charac t e r. The fea t ures might
I'l' Ims('d 011 1IH'st a tic properties of th e charac ler, th e dynamic prope rt ies, or both.
T he Icat ures can be binary . With b inary features, t he name assigned to a known
rha rnc tvr is often determined by a de cision tree [Ha n a ki, et a l. 1976; Haneki and
Yamazaki 19801. A dislldvll.ntal;c cf thi s method is that it may 110t produc e alte rn a t ive
dHlr 1H'll'r cha in-s, which arc usually d esirable for pest.processing. Recently , II. bina ry
lIl'dsioll tree UH' S sim ple features to re duce the set of candidate charact ers to a small
~l't for subsequent annl ys i ~ by complex featu res [Kerrick and Bcvik 19881. Th e features
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can also be non bina ry . A fix ed numbe r of nonbinary fea tures is eomutou in pllll c'TLI
recognition , and many classificat ion mcli lods arc availa ble for dividing such a f.'u tHr, '
space into decision reg ions. For exam ple, II. multi-st ag e cll\5si fi"r with ~('ll<'r:ll t ree
struct ure based on th e divid ing of Walsh coe fficients 11Mbocu l!"Vt.[o!1I'11 I(:u, d tIL
19831·
2.2.2 Time sequence of zo nes. d lroc tlons , 01' extremes
T hese met hods rely p rimar ily on dynami c information . A sequence of "", 1".1 7." Il' ·s
can represent l\ chara c ter [E ngd ahl 1977; l laneki nnd Yamnaak i 1!lllO]. The ~" Il ( 'S M , '
specified by divid ing up the rectangle that su rrounds t he wriH t'lI rharl,t'I.I'f, 1I1l'1I111l'
chara cter is superim posed on the rect angle, and 111.'SC I IUCIlCt' of l,Oll t'S t rll.v,:r~",l I,y
th e pen ti p is determined. T his sequence, or a corres po nding seque nce uf r"iltIHl 'J;,
assigns a name to the unknow n char acte r, ofte n hy ex act match fmlll n ,Iid inuary or
zone sequences . A sj milar m ethod uses the se quence o f direc:tiolls flf W'll till lIl" l ion
du ring th e wri ting o f a charac ter (Cha ng nud La Inai C rane and S;IV"i t~ I!J77; G rolll ~r
19681. Using four pr im itive directions (up, down , left, right ) , one system f" ,J , ~ d till'
firs t four di rections of t he sequence and then classifie d th e d mnl d cr Ily taM,~ l" " kul'
where the table had 256 entri es IGroner 1968]. As th e 1I1111lhcr ,A d iwd i "l1 ~ uml
time inter vals increases, table lookup become s less pradi cal, nurl ti ll: S'~ fj lll:Il':':S art'
compared by curve m atching .
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2.2.3 Curve matching
Curve lIlatdling is a popular image processing met hod, Curves from an unknown
cha racte r arc matched aga inst t hose of p rototype cha racters . The name of th e pro-
totyp e th d hest IiLIL1c!Ics the unkn own is assigned to the unknown. T he curves are
usuall y functions of time auch as preprocessed :r and y valu es, or t he directio n angle
of t he tangent to lI lC trajectory of t he writing [Ishigaki an d Morishita 1988; Ishii
]08Cij Odaka, ot al . 19861. Using Freeman code, n cha racte r has been divided into ten
rl'giolls [u, ot ill. 19671. Since Chinese characters consist mostly of s traigh t strokes,
uppr oximntj ng their st rokes by a small number of fixed po ints has been found sue-
n::;s(1l1 [Odnka, et 111. 19821. An alle rna tivc to the matching of fun ct ions of time is
the matching of ."'ourier coefficien ts ob tained from th e J(I) and Y(l) curves [Arakawa,
t't " I. 1978; l mpedovo 19lH). This meth od is appr opriate when t he characters can
he repr esented by a reason ably small numb er of Fourier coefficients. Since st raight-
Hill' st rokes require high-or der Fourier coefficients , this met hod has been useful for
cba rncl.crs consist ing mostl y of cu rved st rokes, like numerals, or of concatenations of
many str aight stro kes, like Chinese cha racters (Ara kawa, et al. 19781. Curve mat ch-
illg beco mes equivalent to pattern matching in fea ture space when th e number of
I'lJin lll c1mrnclc rizillg the curve is constant and t here is a one-to-one corresponde nce
IO<laka , ct nl. IUtl:!l. T his is a linear alignment of t he points of th e curve. However,
due to uonliucnritics, the best fit is usua lly not a linear matchi ng or alignme nt. For
many seque nce comparison problems, r/l1.~fil' lilli/chillY has been successful [Ikeda, et
at. 1978j Seto and Adachi 1985; Wakalnua ann Umcda I!hl:i; Yllshitlll ;\lHI Sllk".'
1982J. Became elasti c match ing is computationally intensiv e, t Il(' I'r" tot YJl"s art' n'·
quired to be first pruned 10 reduce til e comp utation. Applicat ion of a 1000al allin,'
tr ansform ation ca n enhan ce t he shape discriminat ion of e1asti.~ mat l'hin~ . USill); lln-
poin t corresp onde nce from clastic mat ching between input and r d l'fl ' l 1l' I ' put tr-rns. a
de formation "ect or field is genera ted and then appr oximated by means of il l'fa tiw '
applic ations of local affine transfo rma tions . Finnlly, furtlwr clusf.ic1I1l.tch iul; lu-Lw....-n
the input pattern and the dcforrnerl referen ce pntt cru superil11 l' nst'(11Iy low ortl,'r 1"<'111
affine t ran sformat ion com ponents enhance s shnpe discrimin;lti on , I.lllvlllg t Ill' r-rrue
rate (Wakahata 1988),
2 .2 .4 Strok e codes
T he stro ke code method classifies subpa rts of a chnrectc r unrl t hen itlelltilit·s t ilt,
cha racter (rom th e sequence of classified subpart:. IG r(~lI.lIi n s uI1l1 Yhup l!lli2j lIi lll;-
Hua 1988; Kuo, ct al. 1988; Lin and T eai 19881. One system uses 7f) slrok" codl:Nof
cons titue nt shapes to specify and recognize mer e than t hree thousunrl Knuji ,:!mr,wt"rs
{Yurugi, et al. 19851. Stroke classification uses the sequence ordir",:l i" l1 I llI,;l l~S . Tlu-Il
decision trees of st roke code sequences unde r relati ve positio nal constraints I' ll slr"kc.~
classify t he radical or character . Anoth(·r system uses il formalism hasell 111'''" :UI
init ial st roke·sequence decision t ree anti position Illatdrirog ICh" n, d :.1. I! lHij l. TI, i .~
for malism has t he advantage of using the features I) r st flJ k(~s, s tmkl~ '~'~I I Il" II C'~ , a llli
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I;f:Ql/lci ric relat ions but avoids the disa dvantages caused by the instability of all of
ll ic above features.
2.2 .5 Analysis-by- synthcsis
Yet ano ther approach is analysis- by-synthesis, somet imes called recogni tion -by-gener a
-Jion, Severnl studies arc concerned wit h the model ing of handwritin g gene ratio n [Ya-
sulm re 1975; Morisllila, ct al. 1988). These met hods usually use stro kes and ru les
fur eonneering t hem 10 build cha racte rs. Characters ge ne rated from the inventory of
Hlroh's cons tit ute ide allscd sta ndard representat ions of the ch aracters. An apprOX-
imat ion to real handwritten cha racters call be attained by sp ecifying these strokes
wit h math em atical mod els th at describe the motion of the pen ti p as a function of
umc . Theil a Imndwrilt en char acter can be divided into strokes. The st ro kes are cles-
sified using t he model pa rame te rs, an d the st roke seque nces [Yoshida and Eden 19731.
A simila r approach uses dyna mic program ming to ma tch real and mode led st ro kes
IWakahra and Umcda 19841. Du e to its optimality pro perly, dynamic p rogra mming
can he used 10 obta in the minimum dist ance bet ween an inpu t and a refer ence pattern
to handle the problem cuusud by the dist ortion existing in the input pattern .
2.2 .6 Other m ethods
Percept ual st udies have been ins trum en tal in th e developme nt of pair wise distinction
met hods which separates each pair of characters tha t might b e confused. Studying
t he way huma ns distinguish between such pairs led t o a thlvry uf cham l"lI'fS I"' M...I
on functional att ributes lCox, er al. 1982; Wata nabe. l.'t al. 1!I,sSI. I'air didind i" l1
by fundional attributes hlU'led 10 robust r~ognit ion lI\t"thOlt•• Ilot ahly tl. al in tI ...
commercial , ystem by Percept Sometim es the same IIttribllte dilfell.·nti al .... IImr,'
than a pair of charaders ISakai, et al. 191341. Another metholl rejlrt'llenh a d U\fad" r
by th e number , order, and relative posit ion of sh okes; SOlUeshokt'~ aw Ilividl..l iut..
more par ts, pnrt icula tly t hose of cha racte rs wit h few 1I1ro ku [1{lIIO. t·t al . l ~ lT l\ l . ' l'llt'
sta tistical meth od of Markov modele is par tlculaely ~u itl~hlc roedYlll~mk InrOfllliltiu1\.
[Farag 19791uses a first order Mar kov model wit h eight ~ t<tlCII corrt'lIptllldinf1, t"l'ip;ht
pen-ti p directions. A system unifies the stat isti clli and IiYlltl\clical illlpn t<u:llt... fur " II '
line Chinese cha ract er recognit ion [Tai and Liu 19901, A fllIll y a tl rill1lkt l Iinitt··..tlltt·
automaton is int roduced for stroke recognit ion. Accortli lL l:,tu tl... int rinlli.... s trllt'lllft ""f
Chinese characte rs, a t wo-dimensional eherecter iSlr llnd oflucd into l\ 0 111' f li IlU'II ~i "II,,1
att ributed stri ng on the basis of order arra ngcmenh of ChillC5C charad ers. SlIdl
string s can be easily recognized by template ma tching .
2.3 Handwri t t en a nd pri nt ed CCft
Handwr itt en (off-line) and printed CCR arc more difficult HlILn on-line cell. I lI'f: I~ U St ·
tlte form er one is performed ....rter the writing or printing is enmplc tcd a nd t ll<~:d'm ~
hu no temporal or dynamic information ~uch lUI lIuUllJcr{If IIlr...lte!l, o rr!,:r ." tIl"
strokes, direct ion of the writing for ea.ch stroke, or speed of till: writing wit hin l'ad1
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.~ 1. r<J kf '. Mor'~JVf ,r , lHltl<lw riLlf~1l cell.is tile roost difficult aspect of cha racte r rccogni-
tion, IW";'IIH" ll l'~ lI "is'~s aL dCIJWlIls end t he distor tio ns in structures ar c dealt with
silll llltall'~Olls ly, eS I',~dally t ho largo scope of distort ions produc ed by different wri ters .
TJ ll ~ 1 , I ' f :l llli fPU ~S lIS1·d ill haudwrltten and printed ce ll can he roughly divided into
.~llLlisL if:;ll and strnctural app roiu:hcs. The sta tist ical decision or decision-t heore t ic
~I pprll..rh inv" lv.,; th e use of transforruutlon func ti ons, distrihut ion decision lun c-
l.ilJlIs OTtheir I'lluivafl'l1l Fnuctions, .~ll("h us n;lYI~s ian classifier , statistical equivalent
bhn-k r!ilssili,' r, IUI'I .~" uu. Tho sYlIliu:tical o r structura l approach uses various two-
di llll'll.siullal grll l1l rni lr.~ for character dl~~cripti{)n , parsers for analyz ing the st ruct ure
ofau unknown charnctcr, Hud 'lUrillllt.cu gra phs for describing charact er components
and CUlll llOlwllls rdilt.illllships ,
2.3 .1 Statistical tech niques
Te tup lnt e nmt.ching
The t'ilf lil'St .lllprmwh for CeB \\',1S reporte d twenty five years ago {Casey and Nagy,
1!Jli(il. 'I' lli' illll,lllIrs used one of the siruplcst pattern recogniti on techn iques: te mpla te-
lIlatdl illg, 1':" ,.]1 rharill'l('r is asslgued il template or mask which is a matri x of hlack
'Hul whit.· plxols. To d., s~ i ry a givcn rhnr actcr samp le, its matr ix is com pa red to all
tentplntos. Classifir1l1ion is achieved if O IlC of the templa tes provides a sufficiently
~, It)d nwtch I II 1111 ' dm rarh'r Sil1l1]llt·. To speed the matc hing, a two stage match ing
III'm't'SS was i1l11'1ldUrt'll. Thill. is, sim ilar characters were grou ped first , then masks
were grouped and finally individual masks were employed . In g" lll' fa l, 1I1is mctluul
involved expe nsive pixel-by-pixel comparison of lilt' matr j x of the inJlut d l1lt,H'kr ami
t he templat e. In addition , such method is only applicnhle to printcil c b:,tad" r~ in
which th e size an d posit ion of the radicals can be nlmost COI1 ~ l l\lI t aile! sta hl,'. 111
the case of ha ndwritt en characters , normaliza tion of a cha nlcter du.,~ 1I0t n.....'ssar ily
mean norm alization of a radical which const itute s the subpctte -u of lI... rI':\f<,<'t'·f .
Tr-ansfo r mn t jo n
Fourier , Hadamard , and KL (Karhuncn-Locvc] tr l'llsforlllati olls 1mVI'h .'t~ lL nppli"l! tn
printed Chinese characte r recognit ion [Na kata, d nl. 1972; C u, t'l :11. 1 ~ 1 1l ;1 ; Sakai,
et el. 1976; Leung 19851, but only KL has bccn used for horh huudwtit tcu IUIlI
printed CCR. On e of t he most attracti ve properti es of t h" lwu·lIilllt'llSillllal I ·~ ,u ril,r
tran sform is its ability to recognize posit ion-shift ed patt erns since it OhsefV"S the
ma gnitud e spec t rum and ignores t he phas e. Il is well recognized tlmt tI", pre(isinn
of cente r-locat ion is a problem for the scanner, and it is aliticipat "l1 lhat will alslJ
be a problem for ident ifying printed Chinese characte rs. The lIadall mrd tra llsform is
more a cceptab le in high-speed processing since its urillulIdk ccrnpututiuu involves
only addition an d subtractio n. T he majo r d rawback of a llpliclitioll fir tl1is It:d llliIIU'
in pattern recognit ion is th at its performa nce depends too heavily IIp'JII Oil' position
of the pattern ,
In pa rt icular , KL was very successful in print ed CClt , ill which thr ee rn lh og'JIllLl
axes were used in order to absorb th e vari ations of displacement and width of lines .
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lIowcvcr , more t han len such axes arc needed for handwritten CCR. Furth erm ore, it
is flat pra ctical clue to th e heavy computa tion involved in diagonal izing t he N 2 x 1\'2
correlat ion matr ix correspo nding to t he sample images digi t ized on II. N x N grid
[Leung 198 .11.
For Chinese characte r patte rns represented by their oute r contou r, Four ier de-
scriptors ate very useful in recognit ion [Krzyzak and Iluaeehi 19891. Among different
technique s, Fourier descript ors are distin guished by their invarinnce relative to the
standa rd shape tra nsformat ions such as scaling, rotation , transla tion, and mirror re-
1I(' ~.I0I1 5. Th e major drawback s of Fourier descript ors are (1) their insensiti vity to
Sp UIS 011 t he bonnda ey and (2) disconnected patt ern s give a completely different spec·
trum and style variations are reflected in th e lower order spectrum [Verschueren, et
111.198t11·
St roke di st r ibu ti on
A dist ribut ion of local strok e feat ures ca n be taken in a t wo-dimensional plane or
proj ected a ll a one-dimensional Rxis. A popul ar exa mple is to consider th e line direc-
tions as the local stroke featu res. Such a scheme is called directi on mat ching {Yasuda
<loud Fujisawa 1979; Saito , et al. 19821. The bound ary direct ion is calculat ed at each
boundary point by following the contour between two pre· and pos t-points along a
binary pattern on a 64 x 64 grid plane . Th e direction is quant ified into four dir ections
and mapp ed to a. 16 " 16 plane . Thi s method is quite simple, however t he recogniti on
rate is vcey low. For improvement, size normali zatio n and shift similarity should be
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used , Anot her example of stroke feat ure distribution 011 Uw t .....o-diuwusiouul plum-
uses st roke lengt h [Hagita and Masuda 1981} which is considered ns a s\l(...~ il~l ,'us,' uf
the distan ce representation intr oduced in the Reid cITed metho d IMuri, d el. 1!I'j'I).
At each black point , eight quantized dir ections arc ta ken and ti ll' di~tal1t·t· iii Il1 t'1l.lillr.·,1
along each direclion from this cente r point to t he boundary point . Then hl;{lt li ~t a. lIl'\'
values along two opposite direclions are suuuned and a Iour-dinu-nsional dista llt'('
vector can be obtained at each pixel on a 128 x 128 plane . To get 1\ compact f,'a t urt'
distribu tion, this plane is divided into 8 x 8 zones, each or which i~ or Hi " 1fj , and
the vectors are averaged over each zone. Mat chillg is done hy ti lt : litH~I.IIt'd MOD rult,
(minimum d istance decision] which is essentia lly t he same as correlation. Tlli s sehenn-
extracts mot e global rcat ures than a local dir ect ional Fcutun- Sli t hat 5"111" "" lII ph~x
featu res such as intersect ion points are reflected . Jlowever it CillLn"t dislillgllilih th"
cha racters which Me very similar to each other.
An almos t ide ntical met hod was used which t ried to recognise prin ted Ulli lll~M '
charact er on the license plates or moving vehicles [Dni, ct al . WIlIlI . A stMlllanl
X and Y pr ofile was defined for each character, and for 11 givell churncter SI" IlIIII~,
its profiles were constructe d and compa red to all standa rd profiles. The crite riun
for recognition was t he pa.ir of profiles yielding t he closest ccrreapcudence. 'I'llis a p-
proach yields some advantages: 1) Using two one-dimcnsionnlpattcms per c!lam.;t':f
as opposed to one two-dimensional pat tern resul ts in conside mblc itl(oflmLtioll rcrluc-
tion . 2) T he projection profiles are easily extracted [rum the uriginal J1 1111t ~rn . :1)
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Since t he project ion pto lilcs are obt ained by an integ ra tive process, t hey tend to be
It'SII sensiti ve to noise. However, t he proj ect ion pro files 5ulTer~ from positi on erro rs
be tween the illJlu t an d at anda rd patte rns. In ad dit ion, different charact ers with the
n ,,,,e projectio n files can not be discriminated .
Bnckgr o und fea tu re d ist ri bu t ion
The backgroun d feat ure dist rib ut ion techn ique [Suen 1982; Naito, ct al . 1981] is based
01 1 ll. ~ I igh t modi fication of Gluckman's well known met hod of ba.ckground featu res
cxt racl ion [Glucketnnn, 1967J. For every ba ckgr ound picture eleme nt of a bin ary
pettc rn , sca nning lines M C derived in fou r directions, top , beu cm , left , and right .
In each scanning, t he number of crossings between th e scanning line and st rokes
is counted. However, t his does not give an exact stroke density in each diredi on,
beeause four qllanlized directions are not necessarily perpendicular to the strokes;
sometimes they cross the strokes lllngentially or even in paralld . For improvement ,
1\ crossing is count ed only . hen Cl\ch direction is nearly per pendicular to II. st roke.
Bnck g roun d .'lutllysis
lnstcnd of propagating black and white information al in Glucksman's method , more
exact informat ion 0 11 sho kes being propagated can be extracte d. The idea is to
propagate edges. namely edge value and directio n [R. Oka 1982; Yamamoto 19841.
In t1.is method , a cell i l defined 011 cellular space with meshes of 7 x 7 and each
cell has eight intracells for eight directions. Each int racell stores the strength of the
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edge (edge value) whose direction is j ust nor ma! to the direct ion of tlJill intr lwd l.
T hese int ra cell features rep resent geometri c features of th e input pattern nrouud till '
cell. For each cell, the edge values of all ih intracclls arc nvcrng ccl. Duly ti le'S" cells
whose aver aged edge value exceeds spec ified threshold value are sd ecl l, 1 lUlll IIS("!
in mat ching , whi ch is carr ied out by distan ce measurement . However, li S till' i 1ll;1~"
quality of th e inpu t cha rac te r vari es, it is difficult to selecl an unequ al thn's lu,hl vulm-
even for tw o different quality images of th e sa llie input churn ctur.
Stroke a na lysis
Str oke analysis is the most ttllditional ap proac h for Chine se- dU\tlu'lc r rccuguit ion.
Generally, st roke analysis is based on t he skeleto n obtained hy t ilt, thi lllLillJ.;IIr" pr" ·
cessing , but it is well known t hat such resu lts a rc not sa t isfactory bec ause of IIHise and
distortion (Kimura, et al. 19781. For printe d Chinese chnm ctcrs , the typicnl typ es
of noise are disto rte d inters ection points , whi skers, a nd brandies caused by touching
str okes, since the st rokes of print ed cha racte rs arc usua lly very thick. 'I'hcrc slill
remains a major problem of stro ke segment a t ion afte r t1linuing . However , l hinll inJ.;
prepr oces sing is st ill attractive bec ause of t he sim plicity of the algorithm. liusic rn-
search cont inues on thi nning algori t hms and the ir application to st roke 5 eg nll~ lI tatifJ lI
as well [Pavlidis 1982j Wakayama 1982; Lieo and lIuang 19901.
On the oth er hand , to adm it tha t not all of the noise N()UTCeN mentioned ': 1111 1m
removed , a prac t ical ap proach is to conside r some no n-local hut st ill " j l1J "lf~ I", i",'
removal meth od , which would be effective ag ainst t ile major types of II'Jisr1. I II thi li
22
~C flSC, an idea of th e so called "geed continuity rule of Gest alt psychology" is very
useful to remove such noise as dist orted inte rsections . In {act , th is rule is used in IL
very simple way of removing noise an d de tecting str okes [Kesvend 19791. All pair s
of segments joining at 1 .11 intersection point are needed , with segment continuations
being measured accordin g to some conditi ons. T he pai r of segments with maximu m
continuity which is greater tha n some threshold value is chosen as one stroke and the
rest nrc tr eated in rhc sameman nce.
For cxtraclion of the st able strokes, a techniqu e using Hough tr an sform (HT ) was
propo sed recentl y for handwritt en celt [Cheng , et 11.1 . 19 891. First the cha racter
pat tern is thinned end tran sformed from the spatial domain to the paramet ric one
by liT . As most slrokcs of Chinese characters arc almost linear , they can be easily
deteetcd as lines by IIT wit hin the heavy noise image . This is a new approach to th e
applica.tion of H'Tand a new attempt at t he stroke extraction of handwritten Chinese
charl\ctcr. The method is st ill very lime-consuming as no precJassification exists to
reduce th e number of matching characte rs by using t hose featur es obtained by HT .
Comb iun t .lou schemes
For t he recognition meth ods based on feat ure extracti on, each character category is
made by finding t he reference vector with the least distan ce from the input patt ern .
Motivated by the requirement of seeking mere effective an d more reliable featu res,
much research effort has been made and various cha racter featur es have been pr o-
posed. Neverth eless, it is apparent t hat none of these features can yield sufficient
accu racy when use d alone. Thi ~ problem i~ l'iIl lM'I1 b....IWIl illlll'rt' lil , lr,l\I'l' ad, ~ nli ll '
mon to all of the features.
One of these d ra wba cks i ~ the lark uf lli~tTiI Hill ;\lnrr infurm al ion, Th' '1'n 't k all ,\'
speaking, the purpose of feat ure ox t ractton is til ;ISSIll'C' rl' linbilil)' ..r n'n',a:.uitiull 1.1'
removin g red und a n t an d irr c1e\'all l information1ltul 1'1l11111l..i n~ Llu-s" I,,,ral,i lily i1Il1Ull~
pattern classes. III pra ctic e, featu res arc oft en cxtrurted hy lllt'a nS of sum, ' 1lI " il ~lIn ' ·
mcr.ts o,) f the cha rac ter pat tern. 1\ 11 tlver"l1 d fel'l of f('"I,III"\' I'x\.r;u·tiull is I.hal. llI lII' l!
redundant infc emat lon is removed, hilt ro r a sUlllll lI11lllH'r IIf dlimlt:l.t' rs , "' lIll" iru
po rtent d iscr imin a to ry informa tio ll is lus t. 111 t ile ( :hill"s,' dl1m ,,'tl'r ~<t'I " thr-n-a n'
many pa irs of sim ilar ch aracters rhat differ fro m ('a rll nt hor (July slip,htly . If S1ll'h ,I
sign ifican t di fferenc e is ignored by tlw tile mcasun-nu-nt , 1l1111J igllity willure«- IJd wt'l'Jj
these characters. Wo rse is tho fa d th at S01Jle Ilissirll ililr l:hlll'ill:t" I'S 1I1;~y /111'11' vpry
si mila r fea ture vec tors. If t he refer ence vI'I:lors o f tll(~ d I 1l"' 1I : 11~rs a re I'rtlwlll,,1 dlls ,'ly
i n the Featu re space, rcco gui tjnn would he very IlilJiC:1Jt t . Fur l'xil1l1j1Il', L1 11' f"lIl.lIfl'
vector o f input pattern may J c vj'11e frum il:i refcrencu ill. Il s lIlllllll ist ,tlWf', liS i ,~ on"~lJ
the case for a somewhat no isy c1l11 r1lr1.I'r sample, a mi h, ~ dl),'iI~~t to 11fl{I'l"lml'f~ '11":\."1'
o f anot her character category, rt.~g\lhillg in it lrliS.WI:og llil iUll tllilt is rlitlieult. t tl avo jll.
Another essentia l weak ness of tile character feaurn-s lil:S in tlldr low s llrl,ility
agains t no ise Of d ist ur ba nce , In tile dllLf,u:l.er sa\ll" ll~ n:,u l from lld uld I lr;nt, ~,1
d ocum en ts, t her e may exis t many killd.'l or dis t.ur hnncu , s uch as I,hl frl~11 sl.r" I«:, hr ll'
ken stroke, posit ion al shift , cha rac ter rotnt lnu, stroke thlck ness variutlon , a nd n"isy
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pnint s, t;vcry featur e is pa rti cularly sens itive to dist urbances which can consi derably
Ilffccl the result s of t he measurements on which t he feature is based. Unde r such a
dist urbanc e, il. grcal dist antc will exist bet ween the feature vectors of an inpu t pattern
nnrl ih reference, the reby degrading the recognition per formanc e.
Il is nat ural to conside r an appropriate combi na tion of some meth ods in order
til ga in II. bett er result . Because different features are obtained by different mea-
surctucnts of t he cbnmctcr pat terns, it is reasonab le to suppose t hat t he featu res
utay lmvc different char acte r distribu tions on their feat ur es sp aces . These ch aracte rs
trouble some for certa in Icntuecs may he very distingui shable for some othe r featu res.
Thus , the sepa ra hility among the charac te r catego ries will be grea tl y enha nce d if sev-
eral different featu res are ut ilized joint ly in recogn it ion . Th is stra tegy is com monly
ndopt ed for Chinese cha ract er recognition . Hagib and Masuda combined st roke dis-
lr ihut ioli met hod and th e direct ion st roke length distri buti on method [Hagit a and
Masuda 1981). hmnediatcly afte r this work, resear ch which com bined three kinds
o( feat ures; line direc tion, crossing cou nt , and background feat ures , was reported
[Fujii, ct al. 1981)' For predassification , local line di rection can be used with t he
peripheral aren vector [Takahashi 19821_ Most feat ure com bina tio n methods are first
applied on handp rinted Chinese characte r. The maj or problem with the com bination
schemes is tha t it is dillicult to chose those Icetures which are mutu ally independent .
It iii the mut ually independence t hat makes the different feat ures selected sensitive to
different dist urban ces and im proves the sta bility o f recognition by means of feature
combinat ion. To cope wit h such problem, an ap proach combining Ione illll"lwlIII.'nl
features, namely crossing count, st roke proport ion, anti t wo per ipheral ft'Htllr.,,;, hall
been proposed [Zhang, et a1. 1989J. To find out these four feat ll r('~ , Ii rtlt rt'!ati"n
analY$i$ of the dist ance has been made for all possible featur e pairs nurong th.· [tlilt
feature s.
2.3 .2 Structural techn iques
Chinese characters are patterns which arc highly strll ctll wll. 'I'll., sl.rtu'Lun- II[ (:hilll'SI'
characters can be divided into t hree levels: the whole rhur ruacr I.'VI,I, til l' !,.uh [rud
icals) level, and the stroke level. T he characte r level is the higlled level whil" sl ruk.,
level is the lowest . For two radicals in a character, ouo rndicnl may IJ I~ 0 11 tho I.,[t sid.·
of t he other radical , over the other radical, or surrounded by 1I1'~ other rlllli , ~a l. ' I'w..
strokes inside a radical may be unconnected, or one stro ke mny contuin S(J lIl' ~ m!llll:d ·
ing point s which join th at st roke to the othe r st roke. It i~ very rlillk ult to uw dil~ sk ltl
st atistical approaches to describe such complex pntt em st ruct ures unrl relations 1)('.
tween subpatte rns. It is t he st ruct ura l propert ies of Chine.t : d lilr.\ck rx that mak, ~
t he struct ural ap proaches very promising in handwritten MHI printt:d CG Il. Ill·,:,,"ll y,
more efforts have been carr ied out in this direc tion. T he skructur nl .lJlllrl"u·llt:S for
CCR can be divided into two main strea ms, namely gril.lllllllir i1IJlrflll.du:s ~ ,, " ll; rlLl I I ,
app roaches.
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G rall IIJWrllll:t IIUU
III tllll grillllll\'l1· rnd llO'] s, the pa ttern is represented as a string a nd a grammar, ei-
lhl'r c'Jfl I,,~x l ·rn~~ or a rest ricted r.on!,exl sensitivo g rammar, such as in dexed grammar
or jlf OjJ, nlllll lll' fl gfillllllliH, whir:h is IISC'] t o describe the characte rs [Zhang and Xia
1!IS:I; Ta i; 1!llHJ. A IHlTSl ' !" for that pnrt.iculur gramm ar is built to rccoguiac the pat-
In n. Fllrlh<'r r1'~ V"I"I'IIl('lI t ,,1ollA this li uo include s stochas t ic la ng uages [Fu UJ82j,
r'rrur n.rn'd.ill~ I' I, rs j ll~ , aml stu<:ha.st.ic error co rr ecti ng parsing [Lee and Fu 19771.
II"w'-\'('l", ~t r in p; grauunar is sUll lIo t IHlwcrflll enough to ha ndle ve ry complex ohjocts
lik,-haud wriueu C hilll'SCd lM il ders, and ther efore tho Iligllcr dimensional gramma rs
(l.rn', plex , or w,'), } an- !levl·lupe d . These t radiLiona l grammar a p proac hes arc st ill
wr-nk ill 1l<llldl illE; lloisy Of rlistor t.lon puu.cms lind numerical semantic in forma tio n
[Tsai all d HJSfl. Th is sl10rlw IIling GIll h e overcome if t he att rib u t ed grammar ap-
l'WIlrl , is IIst·d. CUllside rirrg 1I11'cliafilct eriNtics of handwritten C hinese character s
111111 Hit' ('xiNt,iug I'rulJlellls , II two-dimensional extended attr ibuted g rammar has been
I' rl!p o~wd IZhau l!lHOI. Th iNmet.hod earr h,s both overall character shape in formation
;dlll llll'Jll Nt;, i iNt i!' fl'illun >:; u( sillll p lt'N, and conducts top -dow n matching and bottom-
1111 tI'dlldi,,", As t l ll~ Clri lll',~(' rhnrnetcr set is very large and tire gr a mmar describing
('hll TilI't,'r s in s IKh it ,;<'1. is quill ' ('Ullplicated, it is very d ifficult to do th e parsing.
Houo-. it is nul prnrt iru l 10 USI' gr ll1Ulllar a pproac hes (or CeR .
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Graph methods
Another line of develo pment is t o IISC p a tte rn mat ching ins tead of pll r~i llf.\. III this
ap proach, the pa tt ern is usua lly re presen t ed as a rcl nricn nl graph IUl,1graph 1II1\Ld ILUf.\
is used , In order to inco rporate mere in form ation into t he rclat lo u gra ph, atlrihul..d
gra phs are used to combine t he structu ra l and s tnt ist ical approaches I'l'lia i and 1"11
1979; Shi and Fu 1983], The attr ibuted graph gives a very nt'xih le n'p r(· ~ t'lIl , nt i u ll "f
struc t ural patterns , especially for hnndwriucn Chinese Chn rnctors. in which ,'aM', ti lt'
pattern primit ives or ve rtices of the uu eihu tod grapl! ,' lUI r,,!,rt,,;,'ul nit'sl r" k,'s whilt'
the ar cs or edges of t he attribut e d grap h can repre sent t1 1( ' rdat iQIIships IJd WI" '1l ti ll'
st rokes . In realiz iug that many na tural pro perti es and rela tions o f It a ll d w r i llt~ u Chi-
nese cha racte rs a rc fuzzy, the nex t ste p is 10 include fU1,1.y'llt rilJlltcs in li lt, a1lrih ll1." ,j
graph and use th is informa tion for fur t her ]Jrocc~s illg. The fu1.1.y Id1rihll l,·, 1 gra p ll
lor handwritt en CCR was proposed ICha n, ct al. HI/wi, The IIHlj"r dr ((wlm, ~k " f til is
appr oa ch is that the structu ral p ropc rt ies of Chinese cha racters ar e riot fully IIli!il,t,,1
and it is very difficult to organize the m odel da t abase Ior cl1icie flt st:ard lilll;. 1(, . ,
garding the three st ruct urallevels orChinese chu ructc ra, the hicr ar chicul il1lr il!lll,: tl
gra ph represent a t ion is proposed for hnudwrinon Cell i ll t llis t111~s is . 'l'hehi':n trd lica l
aUrib u ted grap h represen ts whole character with its vort jcc'l< d':sc ri hillfl, l l.., rll.fli'~ltls
in the cha racte r and its arcs describing th e spat ia l tclatiolll; betwocu the r;~di l: lt l s , I II
the hier archical a llributed grap h , a radi cal att ribu ted gra ph corrcsll"Il,linl; tu l ~adl
vertex is used t o represent a radical wit h its vert ices d(~sr.ri\Ji llg tl](: slmk.:s 1\l1l1 it s
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. ~d/!Pli ,!o.-:;,:r il,illg tln- rd aU" IIS between the: strokes. \Vilh the IIAGR, the huge model
,j.,Lal,asl: GUJb(~ urg'llIi1.ed iL~" tree with sever al levels which facilitates accurate anti
fasl S(~"rdd llg.
C hapt er 3
Preprocessing
3 .1 Introduction
Im ages of input handwritten Cllilll,.'Sc dlilr;u :lc..'ni an ' o),l" illl..1 I,y iI vi,lpu " ;lI1l<'r;" i1t111
then norm alized and l t a llll[o f1Ul'tl illlo hillil ry imi'';l '''l. 1\ I.ill a ry illlllgf: i.'I;u' l lla lly il
two-dimensional array whore CIIch dell1el'll (pilll'l) ill ,.j' hl" I lit II. 'I'1I,'d'M;u'll"
pattern consisl.s of those pixc1li of vallie I. ~:"(h slmkl~ Sl~"'lIl1'lI l IIf l lll~ dlMlI.dl~r
patt ern is more the n onopixcltbick. VilriOllS 1YIM,. elf illfufl lI;,l ilill 0 11IIw "xlr;\f'll ~l
from II. binary image 1Iy 1I(1I1 1 '~ Imlik low level0 1,,·tilliU ltli. TIm inl,ul d ,a r;u:ll'r p ol l U·t ll
in t he biliary imag« is lIkd ctUll izl:r1 th ruugh il l il i ll ll i ng il l~(lr jtlll ll . /\ ft"l'w"r ds, llll~
skeleton of t he input characte r is tr nccdtu (Jllll.ill the slrok.' se~IIII' lI l,s which; '/'1 ' 1.111:11
merged to Iorm rhc strokes or t1u~ illp ul (hara r.L l~r . G':':Jllld rit: illflltrmLl.i" n slid . ilS1I1l'
di rection a nd posil illll or lll ru kt-,;(lUI l h'~l be cxl r/lt:h:tl . At:I:ur <lillJ;111 llw l",silillllS"r
2'J
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st rokes ilIlll l l ll~ coHIlI'd ioT! rdatjons betwee n stro kes, stro kes can be group ed into the
ra dind s of t il l! inp ut eharactur . All these op e ratio ns arc consi de red as prep rocess ing
wh ich IITovi dl:S1I1 (~ local propert ies of t ile inp lll character. T hese prop erties a rc then
org;U1i~,cd fo r furth e r image analysis and eep rosontatlon.
3 .2 Thinning
Thiuning is II prol:l~ S hy wlJir.h 11 binary pat t ern is t ransfor med into another binary
pa ttt'Tlll:OlIs isLillg ofj Lsskeleton. T he majo r objectives of th inning in pattern rccognl-
I,ion ,Iud i "1ilgl~ IJTOCe-;s ilig arc to reduce data storage and tr an smission requirements,
t" n~hll:t· t11 (~ I111lUUI11 of dat il to be processed, And 10 facilitat e the extraction of
r' ·lI l.ur('.~ (r o m UIl: pallel'll .
r.. \;lIIY l,hiulling illguril ll1lls have been rcponcd jwakeyamas 1982; Lu and Wang;
I!JS5; Psvlidis I!JS2; Zhuug a lill Sucu 19S'I; Neccarhc and Shinghal 19M; Zhang and
FII IllS-I; PllllllIJlld01Iand Suc n 19S!)]. TIle thin ning algorithm described by Zhang and
!-ill ('ll i~ simple ami fI IN!., and can be im plemen ted in parallel, however, the algo rithm
cuunot pn'vc 'lIt ('xcessil'l'erosion, so lines or CurVClItha t represent tho t rue feat ures of
t ln- ulljl'r l tendto ln-excessively sho rtened . In our system, th e Zhang-Suen algorithm
is llltJclili(·d tu overcutuc th is erosion problem .
'1'111' Zllillig-SU('1lalgorit hm extracts l ilt, skeleton of the characte r pattern by re-
tlluving HlI t h,- eclgt' pixels of thl' patt ern except pixels that belong to the skeleton,
lu order to pn'scrvc tho COllll{'cth·;ty or t ill' original pattern in the skeleton, iterative
:1\
transformations arc applied to t he hina ry i lllil!;" of till' I'll'lfarl " r pat h 'rll ntul "al'h
itera ti on is d ivide d into two sub itceat ious .
A 3 x 3 wind ow is used tu extr act. th e skeleton. Let, lI O rvpn's r-ut 1I", F;i\'t'u pix ,·1
(i,j ), the eigh t neig hhors insid e ita window arc III 10 lIlt {s,'t-' F igllrt, :I.l}.
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Figure a.1Eiglu lleig hlmring pixd s of a pix,,1 /Ill
In ti le first subitcruticn, accortlilLg to the v;.Ill(!S o r t hl) (·ight. Iwighlmr illg pixdll,
contour no is dele ted From the pattern if il, ll at i.~ li ()ll a ll t Il!) futluwillg n Jlloli1. i<>lIs:
2 $ .%' (11 11 ) $(;
N (lIo) = I
III ' 11','I' Jjr, = 0
"'I 1t c, ' 117 = [}
where Z(no} is the 111I 1I1IJc r of I l fJl I Z,~ rO lIeighllll l"s of /Ill! lIud lVlutI) is 1,1.,: lI"III I.'~r of
"01" patterns in the ordered set fll, • • , 1I~ .
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III t i le sr:cl!Ilfl subitcrn tion, t he conditions (3.:1) anrl (3.4) arc cha nged into
(3.5)
(3.6)
illlel t111: res t remain Llu~ sa me.
lIy t ilt: I;Ollllit ioliS(:1.:1) and (:lA) of the fir st eubit cra tlon, t he sou t h -cast edge pixels
IlIIlI lIl(' nor th-west curlier pixels which do not belong to th e skeleton arc re moved .
Similarly , the pi:-wJ 11:I IIClVCfl II}' tlw conditions (:1.5) and (3.6) in the second it eration
lIIiglll II{' 111I11r l , h ,wl~ 1 1IOIIIIII,Iry pixel o r a sont h-oast co rner pixel. The iteration
fU I11i ll ll C1(until 110more pixelsca ll be removed ,
It was runclud ed by Z!lIIug a mi Snell t h at :
• By coudit.iou (:1.I) till' endpoints of a skeleton line arc preser ved.
• Also, fundi tillll (:1.2 ) I'n:vcnts tile dcl ot lon of tlv-se pix els tha t lie bet ween t he
end poinls of" skeletonHue.
If t he ulgcritlun 1M appl il'd 01 1 th e patt ern ill Fi gure 3,2(a), the pa tt ern would be
t'XI'I'Ssh '('ly slmrt cucd. Th is patt ern l'OllMis ts or it horizonta l sectio n and a d iagona l
~wfl, i{l ll 1';11'11 of whirh is two pixel wide. Arte r thinning, the d iagona l sec tion is deleted
11I'I'aUSI' o r 1. 111' o\'t' r erosion or the algoritllln(st'CFigure 3,2(b)).
••••••••
•••••••••
••
•• diagollal
•• SN: tiUlI
••
:1;1
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••
Figure 3.2 Example of over erosion by ZllRlIg·Snen algorit hm.
In th e first itera tion, the end pixel (6, 1) is dclcl l'll Ill'callw this pix!'l sali~ li,'s
all the conditi on. or t he nnt subitemtion. Ancr IIixcl (Ij, l) is ,[d,·tt'd , ill lilt: s,',··
ond subiteration , the pixel (6,2) is deleted because it . ntililk'l; nil the cOll!!itio llll fllr
deletion. No other pixel. of the diagonal segment ca n he r<-1110Y\:l1 Illu ing lilt' lirsl
iterat ion as none or them .a t isfies all the condit ionsor the lirllt or 5<-'£01111suh i t.~ r l, ti"lI .
In the similar way, pixeb (5,2) and (5,3) of th e dilLf:,onalli('l;lIIc/lt a r e rem" y.,.1 ill 1114'
second iteration, pixel. (1,3) and (1,1) of th e dilLgollftl llC&lIwllt art' rt :III" ""..1 ill till'
th ird ite ra tion , and 10 on. Until the firth ite rati on, no pixel CAli he (IIrtlJcr n:III"Y"d
from the diagona l segment. Hence, only one pixel (2 ,5) or the d inWJllnl ""gUll:llt is
preserved alter thinn ing.
It is clear t hat the problem of over-erosion is very sl:vcte ror till' 'l.IHtll ~.S IlI·lI
algorithm . 1n nn ext reme case, when IL dillgoflul scl;lIll:llL or tw" pi,.ds wi,]" ill v"ry
long, t he segment would vanish entir ely. Th is will increase t he dilliculti()s ill fu rt lll)'
image analysis and represent ation of t he t ruly fcat urClirQrd l1l.lar.t"r rCC<Jl;lIili.m . III
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orde r to iLvoid the over-eros ion prob lem, a m odified a1l1orit h m is proposed. In the
fin l lubite raHon, in ..ddition to the $et of otisiul eondition s (3.1) to (3.'), a l ei of
alternative condition s is also introd uced:
N(fl.) =2
Z(U I) = 4
(3.7)
(3.8)
(3.9)
T he ecntour pixel "11 is dele ted if c iUlCr the set of orig inal conditions is sat is fied or
t llc set of alternat ive ccndi fic rn is ,;a,t islie<:!. The se t of lllternativ e conditions i . used
to guarantee that if the pixel I/o is on a diagonal segment which is two pixel s wide
and its ncjghboring pilei 'I I i. not on backg round, then "0 is removed. Th erefore,
the ~&mcn l at " I be comcs one pixel wide an d the pilld "l can be p reserved in the
followint; iteru ion.
Similarly , i. the seeend lu biteration . " 0 is removed if eit her the set of ori silllli
conditions (3 .1), (3 .2), (3.."'), and (3 .6) or t he following let of alternative conditions
is aa l i. Goo.:
II.' (11:1 + II~ + tI~ ) = 2
N(lId = 2
Z(ltl) = 4
(3.10)
(3.11)
(3.12)
With t he modified algori th m, th e over erosion problem is overcome . The compar-
ison is illustrated ill . 'iSl' tl,' 3 .3. Figur e 3.3(a) is the ori~nal patt ern. Figure 3.3(b) is
th e skeleton of t he pettcr n obtai ned loyth e Zllll.ng-Slll'lI nlgo rttluu It i~ ohvi,lll ~ lIml
t h e diago nal sect io n of t h e pattern is over shortened. l lowcvcr , tlu- dingulI;Il secfion
is prese rved by t he modified ll\goritlllll(sCC PigllT(l3 .:I(c)).
1G
-1-
(a) Original patte r n (h) Zhung-Sucn .dgcn thm (c) J\'ludi£icd alguri t hm
F igure 3 .3 Compa risons of the tlriuuing IIlgo rill 'llls .
3 .3 Traci n g
A fter thi nning , the skele t on of a chaenctur is lrnced ill Im ler t" I~ xt.md 1I1<' lir'"
segments.
t he skele to n.
pixels in t he skeleton.
points a nd end-points) a rc detected. A segment can be cxlrac:l( ~11 fly lradlr~ fr"1lI
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aile Icet urc poin t to the ot her. When a skeleton pixel is visited, it is ma rked and
itb cnordine tcs are recorded. Dy scanning row by row Ircm top t o bottom, if an
unmarked pixcl(ca llcd {(Jt;fIlillfl poi"t) is found, the remaining skeleton connected by
this pixel can be tr aced a nd marked and the corres ponding segments can then be
ext racted.
lhjill iliOl! .1,:/ A '~ " I!fml li 'lIl II/l i n t "'S~ is a pixel conn ecti ng t wo line segments which
!J ~IVC diITcecnt di rcctions.
The marked segm ents are first encoded by Freeman 's chain code. The codes "'An
to "'fin are used t o indicat e eight different direction s as shown in Ftgu re 3.4.;,.*.. (:...il;
, ,
, ,
: E-- A:
, ,
, ,
, ,
: I) c II :
Figu re 3.4 Codes and directions for Free man's chai n coding.
Each segment is coded from top to botto m and from left to right . For a segment,
coding star ts from its one feature point on top or left and ends at anoth er feature
!,<lint on bottom or right , respectively. The coding o f a segment in a loop sta rts from
its locat ing point "e " and ends at the point "e" along an anti-clockwise directi on.
Sl'vcrall"X1UIlillcll au' given in ~'i gll re 3."'.
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-
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For example, according to Frt't'llIiIU'S t:1wiu rode, t.he Sl~g lT ll' lI t " I" ill Figllfl' :Ul(a)
has chain code "AAAAAB". It starts From"W lind cUlls ill. " .", Fur Sl'gllwut "!i"
ill the loop in Figure 3.!)(h), its chain code starts at * ,mIl crllis lit • . 'I" ll ~ ehuiu
code is "DCCCCBAAAAAA IlGGGUFEEEI'~ I': I '~". T he lunp cau he sqmr;' l, l ~ l l illtu
line segments wit h dillurcnt etirt~clin1\s , TIll' S1~parilli(l1\ is Ill' rful"1llI'd <UTl,ro lill~ ttl
these rules:
I. Each linesegmen t has uno or two kindsof l~II I( :.
2. T he code in a chain is ddillcd as a pri1l1 i li v( ~ ' :{J rl l ~ if till' (~lfl(~ I liI.~ tlIaj"r ity ill
thc linc segrncut.
The procedu re is as follows:
L Scan the cha in code of a segment.
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~ . COll1l1 t ile number of d ifferentkinds of code (deno ted as NJ) and the number
or co,les which art! co nsecutive and ide nt ical (de n oted as N, ).
a. If N,Jrf~/ldu :s t hree thcu the scanned subst ring o f the chain code is selected as
a Iilie segment.
<I. If the sckc1.ed subst ring is 10 0 short (say, less than fo ur), t he first code is
ru:gl,:f.t' ·ll. n(·c l't: .~~ ( : N,j 1.0less tha n three, ami co ntinue the proced ure u nt il NJ
."i. If 1,l w tnunhcr()fconsec ut ive 1l11d ident ical codes ( N,l is greater tha n three, then
tilt: d mill emIl' is sdt:clt'd and the corre sponding line segment is ex tracte d.
(i. If two lille seg ment s arc rcnncctcd to each othe r, and hav e the sa me prim itive
code, 1I1l'1l they HI' cUl1lhilll,,1 ,Hili a new line segment is selected to rep lace
t1WI1l .
Fur CXH lllp!t', t ill' rhulu r-odeof segment ~G~ in Figu re 3.5(b) is scanned . The
tirst li\'e rodcs rontuln two kindsor code, Nd = 2, W hen the 6lh code is sca nned,
the lirsLlive (w it's a rr- selected and t he corresp onding Hill'seg ment wit h the vertical
dirrvthm is ('xtrilr l.ed , The procedure cont in ues unt il the en d of the chain co de is
read 't·11. T Ill' loop is n 'prl'se nletllJy four line segments: "DCCCC~(correspon d i ng to
UIt'!er 1 w rlinl i lillt' seg mt'llt.) , ~IlAAAAI\A"(corwsronding lo tile bottom horizontal
li' l(' S"I;lllt'lll) , ~ I I G ( j G G~( t'lJrrt'Spon tlilig to tho righ t vcrt.ical hne segment} , and
~ F EEEEEE" ( nJ rrt'S Jl (l n d i l l g to tht, top hortaonulHuc segment ].
3.4 Merging
Two line segment s can be mer ged 1,0 fonu one slrok.· if 1IlCy .~h " rt· nil' smUt' k".I'
point(fcalurc point, locating polut , or separa t ing ptliul) nml 111I\'c' t lu- sauli' urit'll '
ta t.inn . The rcrn lliu i ng line scgllll'lllll wllirh <~H lI lI .. l 1)(· llwrgt',1 n· ltliliu ;11' imlivi,bl ;11
strokes. For each line segment , the ori"Il\ntinll rnu he dcl.t'fllli1l(,d I))·:
where ( XI l YI ) tim] (X2'Y2) a rc till' t wo kt'}' llll i lils u( til(' li lli' SI'gll1l'llL. The n r;"l1 lal;oll
ora lincscg rncutis :
Iliy/il ditl!}01U1/( IUJ)
22.!jO~ n < (i7.!i·
~''''Ok' o X
Verlicil/tV)
cr.s- $ 0 ~ 112,."j°
~"."'.""- - - - - - - .X
l,t:!lll ill!/fJIlt1l{ /,f) )
112.5° :5 0 :5 \.'i7,.'i"
Figure :J.6 C l a.~ si fi, :a tioll of LllCl l inf~ lil )~lIlt~Jl I . s
I) horlzontaljl l}, if O·:S: (\0 < 22}'j" II I' 1."i7..'j" ::; ,, :s IH(J",
2) riglll diagcnelt un), if 22.·'j· :5(\'< (j7/j ~ ,
3) verl ical( Vj, if 6Vj~ :S 0 < 112..'i~,
~ ) 1"f1.,lil' I!;(J[I<lI( J.J)j, if IIVj~ :::; U' < 1!)7}j",
S"III' ~ rlds' ~ line sq~ lIIel l 1.s lIIay occu r be tween joinl .p o illts(s ee Figure 3.7 ) . As t hei r
kll ll;lhs l.c:lld t" ],e very short and t hei r d irect ions a rc very d ifficult to de termine,
t l ll~S'~ Sql. lIlf :II1.S 11I1'.1-'nl';'l.c ~ n lllflisio ll ill tile sl rur.w merg ing pro cess. lienee , a proce ss
II( l'lilllill ld,illll;sud I s"grm:llt s (fldse strokes) is neces sa ry.
OIl!'e xisting tlll' l,h" d rt~pur [( ~ 1 ill ICIIl:n, ct al 1!l88J is to select II t hres hold valu e
11"""n liIiK 1.•• 1.111: Iwiglll, ( II jo r t.lle input d lll riJ(: l,~ r , na mely // / 8. If t he lengUI of a
"l'gl lll 'lIl. is lHlmll(:I' t han !.Ilis value l.1u·1I the s('gm ellt is elim inated. Tho resu lt s ob-
tuim-d hy 1,lIis 111I'1.l11ldlire quite ulls l,ah le , as the thres hold value is 1.00inaccura te. The
Illrg" r L111 ~ widt h orl Ilt' onginalunthiuucd patt ern, 1I1elonge r the false st roke become s .
11"111"" the (als., slrukl' ('1111 he longer t hnu th e threshold va lue // / 8. The maximum
"i rd, ' 1.,·d, nicIU(·[l. iml and Huang I!J90J was proposed to decide whether a shor t line
s" Il.II II·ul 1,,-1.\\"" '11 1.\\"0 juinl -pllints is a false st roke. T he larg es t circl e centered at each
ITllSS'p llilll, within the orig illllllln1.hilll ll'd binary pattern of the character is formed
lirs t., Thus, tlu- si~w uf the lilq;t-:;l. c:il"(· lc is dctcnnluod by t he widt h of t he original
IIlilh illlll',,1 hin"ry puucm. If lilt' cirdc's cente red a t Doth join t -p oints intersec t , the
sl llJrl, IiII<'s' ·Il.II\'·111.is II falSI' st rnkr-nud shoul.lbeolhninated. Co mpared wit h t he firs t
nu-tlnu] , ti l(' maximum C ' i fdl,It~'h ll i 'l t1 I' is more reliable . Howeve r, ill som e cases , it is
s l ill \·l·f.'· d itlir llll In rt ' I1lIl \ ', ' f" ls.· s t rokes hy ma ximum circle technique,
I·...·r Clrin, '."'- d " lrilf lf'rs . ll10sl Ialse st rokes hap pen whe n two st rokes cross each
orln-r . 1' l"\J\"id,·t1 1 1 1~1 1 l ill ' wi,1111 uf 1111' unthlunrd pattern is fixed , t he len gt h of a false
stroke is affoo l"(l hy III('augl,' al whid . Ih,'lw" dru:U'l' nus ... Tlws1Jlallt'r III<' all1-I,·,
the Iongcr the Ialsc stroke i... lIas....1 011 llli...ol_ 'r\'al iull, ,' 11 al1~ I."wi.lt h IIHi h,"1 is
develo ped for climil1l1 lillg fa lse strokes. TIl(' n"illl..1 ta kt'!i illh) <lITnlllll 11<11 " III)· lilt'
width of the origin., 1 1I11Ih;llI1l..1 p.lltl't l: Iml als" Ih" alll;l.", betw...·11 slr " k.... Tlw
t hreshold value is dYllilll1iclllly dcc idol.
N;
Lei d DCthe widt h of thl! uuthi um..ll';tlt ' ·f1l (SI'!.! F I~ II rt' :1.7), wlll'w 1111! ,f;I.~ 11 li,...s
depict the ideal posit ions of t ile skddl>ls f!lf lmtl, SLfll k( ~ . 'I'hc HI"IILI ' ;UI~JI ! Imlwl"'"
th e skeleton s of st roke A and sL rll kl~ /J is n, '1'111.' idcnlskl'ld 'JlIsflf 1",tI, st r" kl'S:-;111 11I1,1
meet ILt point C;. Sl rtlkl~ 11eilll Lo tll i Il1H~, J frum 0; t.1. H, I.y it- .Ii:-;h rlf:': I.f " / '1. ;'1JI1
from F; to J; IJy a di:-; U1tt r:c of tll '1.. Similarly, slr"k.· /J 1''/'" I,,· 01. >(:,..·;,.....1 (r"m lJ, l<,
J( ; by a dista nce of d/2 and Ircm I'~ til I., a ls.. II)' a IJislllllr:f: I.r 11/ '1. .
,"
'I'he thillUiHJ; ;,]goritIJlIl shrinks t he lllllhi llnt"! pattern by an equ al dis tance from
its ImlllllJary Jlixds . T he leng th of IJiC; is longer t han rlj2 . T he shrinking along
t.he tl i n~dioll " f lill'~ Djr. cannot rea ch tile point Ci because the shrinking along
tlj{~ 1l ( ~ r p( ' r IlJ il: ll l i l r dirediun of line /);,. ; reaches line D,F; first. Thus a false strok e
on: llfS. TJJt' I ' ~lI g1 h of li/lc 0 ;/' '; is til sill(0'/ 2). The maximu m distance of the shrinking
h o m the p"illl. J) ; ;, Ioug t i le dire ction perp endicular to the direction of line BiJi or
lilll: 7I;T.:; is 111'l [frolll Vi to 8; or K,l. As point OJ is t he intersec t ion po int of bot h
1001ltlll'lry lilli'S"rstrok es A 111111 B, the thiunlng algorit hm would shrink t he unthinned
pattern towards il.s illS i , I, ~ 1lltlllg all)' direction wit h the same dis tance. Therefore, t he
maxilllnlll ,jist ll!ln ' uf l li l ~ shr inking Irorn the point OJ aleng the direction DiP;would
Illsu I ' I~ dj2 (frt JllI OJ tu Mi ) . Si11lilMly, t he maximum distance of th e shrinking from
ti ll' ]Juiut /o'i alu ng l.ll<'dircctiou or line Pi/J, would be d/2( rrom Pi to N,). T he lengt h
or 1,1ll'(ldsl' st.ruke will Ilot he larger than tllll.t of the line"iif;N;. In this thesis, the
It'l1v; th or t he liw' MiN, is sdt.'cl(~d as tIle threshold value 1'. defined as:
T = -'-'- -d t6f
sin (n j 2) (3 .I1)
wlll' rt'tl :5(i/ :5d is a teem inrroduo-d to compensate for the error due to discrctiaa-
lioll . 111 t.lu-prulh)S('(l lllt'lllotl,liI cnu he selected as:
(i/ = II-l/sin (n j2)
SuhsliIU\;nA til in (:1.1.1), wI,IIII\'(':
T = s ill {~ j:!) - d s;n (n j~). (3, 16)
In the d iscrete case , t he lIugl{·(O.) from c;r; 10 Cii\i is nut t"lll,d I.u 1.11t' a ll ~ I" W, 1
from Gil.; La Gi,/;. ltccansc or ti lt· diatnrfion ill suell " ras l', (l is " l'prux iIlH'lt' ,ltn IH'
_ _ .I
Figllre :I.XA pnucru of dIi Lrm:h:r wh.hS ll r H'I ' i lll pOS ,~, 1
skeleton whirh tlln Lllius a fals.: slmk,'.
to. false stroke botwoon two [olut -points is n :lllfJv,·d if its 1"lI.1!,l.ll is slIlilll" r lIIM' 't',
III Figure :1.8, a ll example is IIs' 'fl to il1us1.r;, I." till' ;" lv;H1ul.l!,''l>,,r tl lis IIll' th" ,I. TI (l'
width of the unthiuncd pat ter n is ."1; t ill: sk!'ll'1. rm "f till: l 'i1H nn I"fIll1.iri IiS " st n,k,' 1\ I, ;
the length of th e false st roke is 7. /\ f:ror,liIlAtu (:I.l fi), w.: Irltvc' '1' '"'" 7.7'i . Sln, k.: II I,
is de tected as a false s t roke (7 < T = 7.7/l ) Hlrd can 1.1r,:rf:fur': 1><: fI'IU"V'·'J. Tiro: [..l s"
circles centered Ill. crfJS.~ point s 1\ "lid I. do nut lIY,:rl" p.
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TIll! follfJwill,l!, I'XiHlIl'!I ' shows tl111 1 the ang le-width method can also preserve the
reul st rokes ],dlVl~'1 1 ju ilil -pllillt s. III Figure :l.9, t he charac te r cont ains a real stroke
IJf~ 1 !I ,l w' ~ :1l lwu juiu! p()int.~ IJ an d 8 . Ti le length of the st roke lJE is 13. According
to (:!.I (i), 'I' "" IUJ/i. St roke 1J8 is nnl, 11 false st roke (13 > 7' =0.96) and is t herefore
F. __
11 .... '
-- - - I)
~~
• • _ E
Vip,lIn- :I.!I. ,\ pat tcru tlf ('harnett'r with supe rimposed skeleton
\\'hid l routuius n-..1 s l rokc- hC'tWt'('1It wo cro ss points .
3.5 Stroke gro u ping
According to the pos itio n of the st roke and the conn ection between t hc stroh's, 111l'
st rok es ext ract ed for a chara cte r arc grou ped into compone nt f i\,lim k SUPl'tlM'tll;11
st roke '~ l has a set of 1/1 key points (jo int-points , end-p oints, a nd hrl'llk-Il"inl s): 1\ 1
= {Jll"'" II,,,}, and stro ke -' 2 has a se t of /I key po ints : 1\2 ". I,';, ..., I':,I, wl'l'r,-
II, = (r i, !li) and I~ = ( .I'~ •.I'~) . Tw o st rokes arc directly connec ted wit h (' ;\t~h "th.'r if
and only if
(:1.17)
Tw o stro kes " 1 and _'I a rc connected with eac h otlu-e, il end only i(I I1.-r,- is 11M"/, ' I' I" '('
of st rokes , "'I, ;<2, , . ,-'I- I' ."/, such tha t a ny two Jl t ro k(~s .' , ;111<1 ''' ' 1 1 ar.' ,Iin 'dly
connect ed , All the radicll.ls of th e C hinese ehn euctc rs ca n 1'1' d nssili",1 int" tl'ft, ·
different classes {sho wn in Figure :l.l 0):
1) Connected radical: ea ch st roke in the radical conne cts will! 0111 ' "f l ilt, ot lll'r
stro kes in the radical.
2) Unconnected radical: eac h st roke docs not conne ct with 'l ily "t hpr ~lr"k , ' ill ll l<'
rad ical.
3) Partially connected rad ical: neither a ny of above ':nses .
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CoIIIII~dcd rad icl!ol~
1J r rl ~ JL .4- ~ rf~
/1/\ II
IJllellll llecl l.-,<:J raJ i ca l ~
Figllw :l.I l1J)itrt,rt'ul d ilSSl'!lofr lHJifll[s.
Mu~1 r; .. lif",I!JiII! C1.illl'l\t' d lilTiid eTs an: connected ra dicals . With connectivity ,
nllUIl 'C"(, ,, 1 ta .lint l!'ra n IH'l·asily uhta illed. IJart iall}' connec ted or unconnected radicals
aT'" .lilli rul l tu c11'Il 'TlIlilH' 11)' t llt'it slrokl' connectivity, Howevc e, Chinese chara cters
;ITO,I,lu."kp;,ltl'rll lI. All sl m k,'!III! iI cha racte r arc confined to ", box are a. T ile s t rokes of
a Tiulinl.1"' 110111111...1h)' il rt'CIlllIgk· which is confined til Alillla llcr area inside the box .
11..."..1 on tlu- ol tllll'd iu¥;aml 1,Iurk properties of radieels, connection c1ust.cring(C-
CT ). .....·! llll g ll · dll s ll ·rill~ ( H·(,T) . hillary tli\'id iug d Uslcring(B Il.C'I'), and distance
1lI,,;u,1I...·1I1l'1I1 dll sl" fi llg(n~ I · CT ) ;Ifl' int rOdUCl'l lo obta incd the component radicals
for ha ll' [\\'l'i \.1"11 ('h irn'st'dl;U;]('II'TS.
3.5 .1 Conn ecti on cluster ing
each pair of st rokes connect wit h each ,.t111'r ,
3.5 .2 R ect a ngle cl usteri ng
A boundedrec tangle with a minimum i l fl 'il ran ln- fu r ll ll ~l l ll l 'u l~ ' r l, s. 'l uf n""ll'f!, ',]
st rokes. Suppose tha t the l'Uurd illllll'S uf lIn,loII'I'l"·I,'ft handccnn-r llllO l till' "l' ,ri ll.hl
hand corne r of t he rl 'dllll gie ;lrC' (.rI. I/, ) mill ("" j , IIl l, n's llO'l'l il'l'ly, aud a st mk, ' tl> I.. ,
cluste red has end pU;lIb (r,!!l 11 1111 (r',y ' ).
• \ Vhell .r, < r < Xl IUIl I .V' < Y < !f: lm r, < r ' < rl ;111,1 y , < y' < .'11). III"
stro ke is on·rlap]I(.'(1wlt h II,,' rn:t i'" g11~ ;1Il,1 t l", s lw k.' is d llst. ·ro~ l l" Lilt' sol'l"f
the connected d mkt'!l.
• Wile n ZI :5 .T, r ' :5 r~ illI,I !1i :5 y, g' :5 ~. till' slr .. l", ls rulllilt' ~1 loy ti ll'
rec1angle. If II. selUirall'll slrukc is rlll1lill...1 I.y 1", 111 t l ,,~ n d illlj!,k-s .. f ti ll' lw..
sets of connec ted sl ruke'S, Ihe sl l1J~w isdusk.....1 ill t ]... sd wllid . iNslirru lIlIll,..1
by the ether sd. Figure :l.11SllOWS a c1lanu:kr will. 1wu rMli.:.,Is. TI I ' ~ .1,,1.sh "k.'
is cluste red ill the cuut rul sd Ilf cOlllwcli'd sl relkl:S, O tl ll'rw;s. ', till' "q w r,,1.'·,j
st roke is c1us1ercd ill till' set ur elJ lI l1I ' , :I , ~,J slmk,: s with its 1"11111.1,:.1 Wd.ll ll~ lr ·
confining the st:]lilrl\l ,~d s lr nk.!
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rhnrm:ll'r ccntc r rudical boundary radical
Figlln: :t 11 EXllmple of rectangle chudcring.
SUIlI<·1.Yl'kal rH,lirals lIlill.filii lit?sq ; lIIc lllcd hy conne ction clustcrlng and rectan-
~
1'1"1
FigllH' :1.l2 Ihc\il'Il1s I.lwl cnn be segmented with C-C'!' and R-CT .
3.5 .3 Binary division clustering
("'rl,l ill l"ili lil'ilis illwl,Ys Iii' ill a spe'rHit: ilTC Il uf ti le minimumbox covering the char-
il" !.{'T. Fur r-xnmph-, flltlira l ~ is i:t11t' to p part of the box, rad ical II I \ is
ill tIll' bll tlu lt ' pin t of tlu- IlUX. Tmlil'1l1 >is ill the left part o f the box, and radical
~ is ill the-right I'MI ()f tll<' IlOx. After ap plying e·CT and R-CT , th e bounded
],"Xuf Ilu' d li!rMlt'r i.sdivided intn t·jlh<->r lOp lH,lf alltl bot tom half parts, or left hair
am] r igltl Ilalr p iIT! ';. 'l'hosc11llt" lIl1l11't"ll ,<1 rllllic.. ls ( iln 11lcI1 be clustered by the part
I!I
3.5.4 Di st ance m easur em en t cl ustering
For a pa rt ially ccuncc ted rlulin!. II.lIl"\Jarall..1"INk.· Illil )" IIt; t !wr !" , nmlin....l u.. r un'"
lapped by bounded tl'CtMIgK'lIof t he cullI""':\('(\ '" wk,.... II)" l·akl1 l'l l i l1~ ti ll' , li"t aIlO'll
bet ween the end I'0illt tlr th .. renter IMJillt or" "l r"I,;., ",n l t il.· ,..I~, .,. "f II... 1"'1\1111,..1
rcctangj e o r t ile COlllll"C tl't l slrokl''' , lh l' "t mk"c''' 11 Ill' J;tOlLI" ..1 inl.. IIIl' 1I,'ll t•.,.1ti uli'·lli.
The algoril1l1llltl gtlllLp III., "lru k.'l< iuto ra ,l ic'a l .~ iudu,!,'" 1111 ' f" lIuwillll,Ionr 1<1<'1''' :
step I , App!y connc et lou dll"tt·t illp,111 fuml c'olln,·,'tc·,! t illli f HI" ,11 11 1to lilltl n llLlU·,"!,',l
et ro k..a for parl inlly w lLlIc'{"!I ',J r'lIlic,.,k
st e p 3 . Apply hillar y ,Iivisitlll rl us h-ring t il p,rllUI' IIllI'u lIlII,,·II..\ fa , lin .I" .
Figure 3. 13 ~htlws hew the "'mk,.,. arc! ,;r OlIIIl ..1 II)' tI... ;. I~"riU ll n. T Ill' p,ru ll l'ill"
results a lter each step a tt~ f llu fill...1 Ly IIIIX1'l< lOr ,!;,,,III..l lin•.,..
stru k,o,; h. lit· gr"ll p t~ l
::::LJ:::
~" i'I '.' I , • step I.::: :: ~ ... ~. -...
:::::L.:C:::
,~"i " ' - ', ,"" ,, ,I I ' ~tcp 2, ,''' '
: - : ~ -~ ~ - - -~
slmk l' grouping results
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Figure :1.1:1Stroh ' grollllinr;.
Chapter 4
Attributed Graph Representation
of Handwritten Chinese
Characters
4.1 Introduction
Chinese clnrrncters are "iclori'llj lHl1.l·I'IISnl1lsiSl. ill~ " f lilll~ S" J!;fll<,n l s wllid l al, ' (""Il,',l
st rokes. TIle concept ol sl rokl.'Sdd illl.'fl ill thls lI U's i.~ is ,l ilr,on'lll f l"rUll 1.111,1. uf ' "UIIWIL
tiona! stroh'S which may cOllsist of Sf'VI!t ill si tlglr ~ d it"f :t ioll till! ' s"J!,Il Il' nLs . A f;" li..a]
composed of several strok es is t he' rIl Jld iLll u:ll t.a l flJ lIIP/j tl '~1I1 ur Cl lirll'Sf' d Htrlll:I" 'I's, A
Chin ese character which l:ulIs;sh o f nne ra,l ie..1 is calli..] a silll-\I" nIlJlp"IW h l. "Ila."·
actor. In contrast , a Chi llese ( : h a r;t(:lt~r which l;(JIIsisl s ,,f S(:\If:r/ , ] radi."i1ls is n,II" ,J ,•
.'il
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TliI' r" Mf' tlm _~ ' 'Yll/'.~ of rf'1ilti"us l>el\\'t~'n two ad jacent ra dicals: (1) Left-R ight ,
ft) Tu" "IJ,,ttf Jlll, ,lll,l (:l )Jlu lllllIiLry-Cl!JJtl'r (sec Figu re 1.1) .
rnEJ
r."fr.· lliJ.;ht T" I,-Ilottu rn Iloued ary-Een tnr
Figllrt· ,1.1. Suucurre rclntlons betwec u t wo ad jilcclll ra dicals
Int fn- Xill llu :l lJ id iuti llry, more than 7000 Chiucso characters arc anal ysed into 150-
:!!'i(J di r rl'r' ~ lIl radieals. T lw maximum lUI/nlleTof rad iCitls withi n II. Ch inese character
is Ill) ruon ' t ll i llt SI' \'('I I, 1111.1UWl' srj% of Hlc cll<'lTad crs arc composed of no more than
thrc..• f1Idini k SI'\'(,fid TiIIJiGlblII11y be s t ructu rnlly combined ill II. Ch inese cha rac ter
Iu fcnu dilkfl'ul /l'l UI:rns as Sh.IWII in Figure ,1.2.
Ear ll Tildi""l routuius several strok<-'t'l clnssifled into (1) dot strokes and (2) line
slrukf'S with either ;1Iwri:wlltal (II), rigllt diagonal (B.D), vertical (V), or lefl diag-
UIl:l!(1,\)) rfinvtiou. If tWIJ strokl's arc connected, 111c)' may be connected ill three
lHlsil' way s: 'l'-jninl. ('1'), L-juint (I.), or X (or croas j-joint (X), li enee, a Chinese
d .ara'"ln rnn 1.1' sl n ll" I,Hril ll y divhh-d into lhrt'(.'levels: whole character, radical , and
sl rllkl'" TIl I'Sc' st ructural fl'lll,Ufl'S of Chinese cha ract ers make t he hierarchical at-
tril llllt' ll graph u wr y promising 1lI1I1 llcxihlcrcprcscnret lou for handwritten Chinese
d li lr ill"krs , il S \\"1,11 a s l'rIlvillilig a direct and simple approach to handwrilten Chi.
ncsc charaCler fC'l:'Or;lIil iou. lrls to!l."fiUlI lo t!Jt'local mri.l liu lIlI "r lIlt' dli 'f a.-t.'f ,hll'
to the unetablltlcs or tbc stro ke klll;l h. ,;lrokl."t1in'Ctiull, and ,;lruk.' n l11l1",'tk 'lI , I II
D [] B [gJ ITJJ Ed
R itt- -++ [!] }q~ LlJ-p 3=fr
[8 BJ t9 ~ 0 Bf \ ,Lep » n ~ . B~ IKJ:If 7K 'SZ I I I \
[J] EB [@] ffi EEl ~I
~ ~~~ ITIJ -r-t- ~A(:; H4~r:, o 0
Figure '1.2. Sl rudll rill nm ll,jUitl,jflllll ur n" lirlll ll.
4.2 Attribute sets and attributed graphs
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Ihji llili"l1 i .1 An _t1l/l' i lllllr .~d j ~ IH I m.tu ple < 11" " ,P i, . . 'Jim> where each elo-
HIf'1I1 ill lli f~ t lll'll: is nu al.trihll . c pair. For example, a ll a tt ribut e set describing a line
slr"k" with ld l ,li" !;IJII;" urie, ,1.nt ioll is < (IYll/;, li1H;), (or iclll lli ioll , f.,J)) >.
"I" " ' , " ~, .• . , "", } is .. set o r attr ibuted vert ices and B" = {...,ep" • •• } is a set of
n't/,l io'"
~ll({' relation I r cp~
< L7L(J\~ L
rH\ )1-'1 ~
-1~1\'I-(~ -1
7 T 1 '\ T
l -l)-1 1
+,{ i+~ +
!)~li!0!..(!!.!-J.i!.' A mdintl f1l1ri/Jllln/l!nljJIIC:. = (1', . /;',) is iHl attri b uted gr a ph which
n-pn-sent s a rndh-al in a rharnrtcr, where I: is 11 set (If a tt ributed vert ices represent-
ill~ tlu- strukcs ill 111('radifOl l lllUI f, is t i ll' sl'l of at tributed edges representing the
;IIlYslll'f'ili'",li'>11 of ils ,lin 'rt i" II. Thus til<' radicul at tributed gra ph is an undirected
graph. T llt'di!Tcrt'1I1 IYlws ..r rdaliulIS 1....1""...·11 I,a ris "f sl ....L... a ...• ,.1'''""11ill ..I..,....
ta ble.
\,~ =- {I' I, "'I. I~,. 1'1. "" }
r;, =- {I 11 ,1 '1:" 1', ,.,' n , ' 11. 1~,.. f ':11" :'" ' I ~, J
"I =-<(/ ,1 I" , lil lI l, (m'i , " / ,,/ i,," , II ) >
I': ::.< {(IIIIf./;III I.(ori/III,/t;"", "") >
I') =< (lU/If .li", 1.(lIr i " ,I,,' i ' III. ") >
"~ =- < (lyt"-.lim ).("ri,,, ,,,'i,,,, , I·"1 >
lOS =-< {lY/H .liml.(m·i ,,, /lll illll , 1I1 >
"u = < (r,l,di"" . T ) >. ".'1::'< (r d ul;,m, X l >
t l ~ =< (rtln/ i'lII . T) > . 'n =< (rll' lt ;"" , IJ ;'
[:,_. =-<(n lnfim, . I,1>, ' _11 == < (r,I'I /i,m ,I ") ;.
f~~ =< (,., Int;"", -II >. '1',00::< (rl/"'i" ,, . X l >
' -j r, =< (,., /" Ji"" , ...) >
5G
't",
'.
1
ill Haclico'll h ) Radica l attri buted graph
n's"rl l i n~ lilt' Til<l in ils of llH' r h ll T,Wl t '1' 1I1LI 1 Ah is li lt, se t of dir ected ntt.rihutcd arcs
, ~ I.. I ; lhal nw I", fI.·p n ·sPll!l'd fly tln- arC' ('~I an': left- to-right ( Lit ), rlght -to-lult
( il L), IHI'·lu ·loollum (T B), huttom-Iu-top (BT ), bounda ry-to-cente r (Be) , or center-
f~~lu -I"lI ll11 lar.1' «' II) . ,\ ("o llll' lt' ll' II ,\<: H of 111t, Clli llt'sc' dlllra cl eT iK is give n in
Fi.l!, llt.· -1..1. T his I'l!ilr iU"ll'r nlll .~ bl s of Ionr radicals: { at the left , 9' at t ile
midd l,--l' )II, 1L i l l l ilt" ri,l!,ht ·l op. and *;11 the r igbt -bc u om. T he bott om
IIair port ion of til(' liuun-sI10\\'s a I1'\G H of the rharacter. The windows with round
'" nu' ts f" I' I"l'Sl'l l! l i lt, f" lIT Ta,lie,11 all rih1Il" ,1gr a phs of t he cor respo nding radica ls.
II = ( I~ Ah ) WIII' W
\ i. = {"", 1'1" " .' I',il
:1h = {,..,'..n",.• ·.,./. ' ./.•. n .. ' A . I ", / • • ." ., '" , • • ./.-}
I'. =< (1IIIIIIIUT Jlf _.•/,."h.,. :!) >. , .~ "'< (," " " 1,,,1',"I" / ""~·" s, I) >
"r=< (lI l1I11IHT _lIf ~'/ I ·"kf.», ·I) », , .~ =-< (IIIIm/w,·.,,! ., I,." h .• . 11 >
' '''' =< (.•/,,,/ ;,I1_I'I I,, li ,,,, .r ;yl,' .I,,.I' f / ) >
I f", =< (" lwl i" L,., /"l i"" . I, !I .I " .,.i !lhl) >
f A = < (."/lIIl i lll-,·,I. ,l i llll . ,.'.'/I,I- l o ,/' /1\ >
/ '(,.1 =< (."/ml, .,Ll'fl tlfi.m .I "ld o.1,,,lImll) >
f /f, =< (·"I,.,I ;"l_,·.,I"'im,. I",lf mll ..I,,.I" f') >
f r .; =< (,,,,,,, ,;',/_1·,1,,1;,,,,.'''11-,,,-',,11 ,,,,,, >
f:,k =< (·' fII,l i rIL I'f"/u l i l!/l. /",1/01ll.I " J II/I ) >
f:~" =< (''']llll ;"L ''I'I" lilJlI , " -I I. / II-/ ·;!l1I1) >
( 'oJ =< (.~/II,til/'- l'd"I;/I""·'!l hUfl.{, II) >
I. I~
f~~;"@g',1'l. .\a
( I) ('il ll/l il l;Ih'r1li1rilftt'r
(;~,.. <.." ~"""'"
I' ~.
I 'J P.l 1':1
"~.J
-r--r-r-r-r-r-r-'
"".1 1,/ ., f: ~< ~ c6I<rR : '· ~~ O-G
Fi~lI", · l.1. ,\ '";llldi ll" l\' d w rilrl t' l' awl its IIAG IL
ss
4.3 The data struct ure of an a t.t r ib uted grn p h
represent ati on
Two da .... st ructu res (:1111 be ado pted fo r till;' rc prcsr-ntn t jou of a ):,rill'h : "'(/lln '1<".'/ {,,_/
an d llI/ j t/nll'"I/ 1/1,,1";,( [Hopcroft , d ill. 1!l701]. ti ll' lirsl om- is snit ,llth- fu r 1M" .· spa r"..
graphs, w hil e the second is suita ble f<H COli pa d gra p lLs. SilL"t' OI<' at1ri lm "', 1 ).:; t1l1'1I
of 11 Chi nes e character is re la tively co mpa ct i ll IlIf's l,';,sl'l< . til<' 'Hlj,wl'n.,y mal rix liaS
bee n chose n as the da ta st ructu re of ti le nttr ibutcd gt il illi in 11,' pro',,'nt. sys h ·lIl.
gra ph ( ,', :=: (L,. E,,) of orde r III wit I, f-' , as dia g' lln,lelllril's uud ' " ;IS nllll-l1 in"..ua]
ent ries . T he diagonal entry i i, f" I,n'sCIII" lhl' a1.lrihuk,...t "r \',' rl ,·x r, ;' l1t1 lIO 'II,li;I):,"1I111
ent ry / 'J re presents th at ored ge/a rcs , " . If t lLl'n' is Jl O t,d!!,.· [n-twr-r-n vc-rt.irr-s " , ,lIl l!
(' J t hen /' 1 can IJCset to O. T his is wrrnen as:
( ~ . I )
ir tht'fC is Ito .,dg,· hd Wt;" u "" "lid ".,
(~ , :.q
'1'" if II I ,/. ' 1"/ ': 1'.'.,
repreeents a redicalet t ributed grap lJ. Th " dial:)" JI1([ "ul.ri ,." " f t il" rrtat rix , l , '~" r i l ", t h..
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,·dl',(· or ti ll' r;" ljn, l al.tri l>1l ll"! Kri'1'11. As the T"dical at t ribu ted gra ph i~ umlirectcd.
'I'l l<' Ilit s tlr Uw e nlr!r 'S ill t ll!~ l1Ia t ri x dc scrihe the aUrihulc se t associated wit h
,' il lwT 1.l1' - vr-rb-x ", or "']ge /:,) , Fou r nr iclil a liolls (left dis gonal , vertical, r igh t dia g-
onnl, an.l ho riy.lIutnl) ;u1I1 two st roke types [line and dol) arc used to represen t the
" Ur ilJ1l t. · S l ot ,, ( ~I vr-rtex . Six t)' P{·.~ of l l ll~ Sll<l1.i,,1 rdal iolls betwee n t.wo st ro kes arc
Il '~"d 1." n 'l' ro'S!'1I1 11H' <ll.Irllll l ll' sd nf Oil! (·/lgc. for ti ll' i lUrilJlllc ;ldja r l 'ucy mat rix
" tlr il", I,l'sl'luf w rL,·x ", <II Hl lI ll' six rigl 'l ll1usl. hi t s o f 1l(lld iilgOllili e nt ry n i j s to re the
a H rihu l, · sl'1 " f (·r1W·"v - 'I'll., pri Uf"ipks 10 set ( '1I1Ty 1/1"1 ill t he adj ac ency nta trix ar c:
C ASI'; I . I':=;'I, "rr rr'llI1's"uls Ilu' ilUdh llll,,1 ~el. or vertex I',..
~
CmH' 2 , /,., '/ mlll l'", E f , ", _/r\'l' rI-SI'lll.s Ill<' ill l ri ll1ltt' d set or edg e e M "
~~
ti l
radic al ildja cL'llcr ma tr ix.
For cx a n rpk-, Fig ll r,· ·u'"> ill ll ~l ril l' ''' h"w Il l, ' al lr ihllk ~" t "r n-rtr-x " I 'lIlt l 1111'
wllt.'Tl' I'1 ""< (1.~IJI".lirrr ) ,(fJ,.if lll "' i, ,,, . UJ)) >. 01 11 ,1 f 11 =< (' ''' /'ll i"" . l ] -- ,
,'s:
"UlJfJIfJ I UOiOOO 100 000 00 1000 OOOlJOO
U1J)OOO UOIOOI O(JOI OO 00 0001 000010
A =: [1/'/1= IllIJO[J[) f1lJO]UO 0 10001 0000 10 100000
DUIOW) QOOQOI 0000 10 100001 00 0100
nnonn 0000 10 IOOIJOIl 000100 00 0101
' I'hr-n- ru... 1,ln ,-,- ;I<I " /Iul a)!,,'s I., lIs iug hits of an " Ilt r)' to n-prcsnnt .\1, au t ib ntc d
sd . ,.f il V' -TI.,'X o r an " dp," ill " ril,lirHI al l rilJllled gnlpl,:
• Stun\ !!;, ' ;s n~l lln ·( 1. lI S11il ll )', il l! ;lllrib " lt, sel, of .1 vertex with k aUr ib u tes
mlj,Il't'II"y mauix rl'.\lIin-s '/ x /I X k sLori l g<' uuirs , Iluwcvcr, usiug tho.' h its of
111l ' cnt rv, il unty f(" luin 'S /I x II s lura!!p tanits. S i l l l 'C tho Chinese churac tcr- set
• 'I'll(' d lk i"I1I'.\' \,f grolllh IIlilldli ng is improved. B y using hits (If t ill' ent r-y to
n-p n-e-u t. tln- ill l Ti\'111,-1! M 'l. gri l l ,11 llIi1ldlill g IWCOIIH'Sa ('"o ltlIJariso l l of t he cor-
n'~11l1l1,lill,L!, I l i \ ~ ill t I", \\\"0 ' ·lIl ri,'s.
• ' I"lll' vnriat iUI1 1",'lal ,' ,l l u t ill ' stroke l ~' p" Of uril'llt il l iull is allowed wi thout hav-
i llF; til ill ' T I' ;'S" tlu- 1I11111111'f of l1lo d(,ls fllr e ach ch a racter i n the data base. For
I' X,lllll lh ' , 1111'(ollrl l, s!ruk l' u(l' ill l k al *i n Figure .l.f ra il hc wr jt.ten as a d ol
or" lill" ,1l'jH'II,lil1A011 lilt' wrirfug hahi1s or s l ~"II ':; of ll,l' individual. A simple
all cqualro I ,
Fil\lll"t' ·IJL ll" ill1!, 1'1I11·y ..r ", lj ., n 'lIfr ll l' llr ix
I t} rqll "'''''I1L1111' v" l'i"li' " I" , ,r ~l r·,k, ' ill 111 ' - 11 1l,,1,'I.
Def initioll 1. 71\ ("/'u md l.I' " dj ll r ll"; 1 mul ri ; iXllll a l.1. rilllll" d wlja' P I ll ) · llI.,l l ix wltid l
ma t rix,
sta r t'Sthe altrihlllc,d vilhl(' o r l it!' \'(, I'I ,'X I', whichr l'l lr('~('ll ls ., l'OHlit:,, 1 ill LIH' <:11"1'0".1.1 ''-,
T he attr illl lt l'r1\'1111 1" i~l h .: 1llltlllwJ" of ~Iro, kf~ ill LII! ' r;"l inll. ' fI l" t1"llf liil ~IIJliI I " JIll'y "'J
sto res the att ributed valuo of <Iff "'J whk h n 'IJl'!-st:n l S llll' sl" , l,i..l J't,li, t itJlJ1" 'lI'>H'ulw.,
;" lja" 'lll ri" li,:ab , sueh as ldt.I.IHiglll , right -tc.left , top -to- bottom, bottom-to-top,
l", nll<la ry.l 'HTII1.I:r , iIIld f:l:lll,:r·lll· lwllllfla ry. Fur example, the cha racter a dj ace ncy
tw ,l ril( "r I.lw1,1I;lrad.:r fl ill Figur e 4.1 is:
2 I.U 0 1./1
In -I t.n 'I' ll
o Ill, ,I T IJ
HI. IJT JJT
4.4 Construct ion of hie rarchical attributed graph
AfI.-r pn'l>rUl""ssiIlA, rll" hi" filrdli'"ill iltlr illul (',1grap ll for ahandwritten CI.inesc char-
l' "rwlIl r,uli'";ll, t lw rilllin il i,l tfilm t .,,1 g fap h ur lIlill. rilllir a l is rons urrctcd. and (2)
4 ,4,1 Radical attribu ted graph cons t r uction
TIll' 1",,,lir a] allri h llh-,! ~r i1 p lr l"l1II 11(' roustructo l for ll1mlds illul/or images o f the
r-luu-ar-tr-r Froma sl'l " f 1!,"ol1wl rir prhuitivcs SUi'l ill' t he coordin ates of ti le key points
.. f srr"k,·s itS 1\",·:1 as 111l' lYlwS ,l1ld Ill,' dirccrious of til t, stroh'S" T he lI11ributed
va hws u f l ilt' slr,l k,'S mill , lit' w];lli ull between .'neh puir of stroh'S call be ohtnincd by
ll wasur"lIl"lll . For , 'Mh r,Hlir ,,1or IIll' character, the st rokes nr c assig ned as a t trib uted
ti!i
vert ices in it s radic al ;\llr ib lllt' d graph , T Ilt' lnw a11l1 IIII', lift"'li"l1 Il l' IIll' ~ ! rok, ',
Ihcu be cousidr-rc-d a ~ ;' l l l ' i ], llh'~ all<l Illl'ir \"a l lll'~ c a ll 1,,' "" sil,1' d,'I "ft llill''' 1. Tlw
edges uf ti ll' gr;I],1I n' lm'St'1I1 IIll' rUlI " ,.."t i" " n ,lali' lIls I",t\\",,,,,, p;l i r~ Oi l"~ ! r"k ,',~, 11'1\""
stro kes arc cenuecu-d to t .lu- S,lU II' endpoiut, tln- ,',Ig" att ril.u lo' "f I,,,tl l s l r"k.,~ i ~ t..
If two st rokes are coruu-rtcd to IIII' S;UII" k,'y point. whirh is nul. illl ,' u,1 poi nl, t ill'
edge attribute is X , In all o tlll'r ("a~;('s,1 1 11' ,..IV-" allr ibu l" is T, 11, 'IIn- r ," ,r, li ual ,';i " I'
end points, illid t ill ' r.'lill i, ', ' Il ll~ i li" 1 1 "I' IlII111sl1'"k,.,., II... " .I ,I!," l.1'p" al l ril' llt" ( I , I,
1-. or -I ) f"< m lll' ,h' I I'l"1nil ll' tl .
4 .4.2 H ierarchi cal att ributed g ra p h cc ustt-u ution
111 ti ll' ('Ol1slfl1d i" n "r" Ilie'"lIrt"hinll al l rihlll ,'d ~ . ' a l'h , 1,111' r;1l1i,".. I.~ (If 1111' dl" l";w1.l'r ar,'
as~igll('d as ;,l1rilm l", 11""r1.i n ,;;ill 1111' 1;1";'1'1" '1'1", HUlIll"' l""I' s l r"kl '"~ ill a l'illli,";,] run
he consider ed as 1.1 11'ilUril.1l' 1,,,IIll' ..I' IIII' ('lJ IT'';ip lJI Hli n~ \",' r 1.I',~ "r1.111' rilll;";I!. 'I'll"
arcs or t h,~ gr<I] ,1J d"sni lll' t in' ~fl"ti ;t l fl,I" I,iuIIS 1...1,\\,, '1'11 I,,, irs ,,( "djill "'1I1. radlrnls.
Wllctllcr thea rc ,tH rillll !," is 1.11, tct. '1'11, 1/"(',11 (.' , " 1' ( ' II run 10.. , 1 "lvr tll iu,~I I ,y
COlllplIfilig t ill' ,:o ur d iuitles o f IIIl' lo l\'I'1" · ld l 1111 11 ,1 ,",j r ll,.,s ;11 1'1 tllf' 1I1'1 " 'r-ril!,lll. hall,1
corners ort he pail' of n~· til ll p, I ( '~ lliilt nl\" '1" 1I11~ l"iI, li"a ls"
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Figure -1.7. CUI1s1rurl iol1 ol BACH of a hll lltlWritlc ll Chinese character.
The' dl anu"h'1' ill Fi/; lIw ,1.7 is used to iIlusl ral(' the hi erarchi cal attr ibuted gr aph
l'HlIs l,rur1.itlll, nnd t lu- ('Olnl,ldl' lIACH of the character. Tile cha racter consists of
11m l"lllkllls, ~ ;l1I d ~ . 'I'll(' lower-left portion or Figur e -1.7 shows one of
Iln-tn. For c'MIi ratli,' ,, 1 t hefe is it rndir-a] alLrih uted gra p h . T he upper-right por tion
slillws 1111' l"iulkill uu.r-ibutol gra l,hs: one repr esents 1I1e 1d Lra dical ~ consis t ing
Iff Sll" k,'s 1"1>\,11,,,[ [ru m I lu (i , illid t he utlWT n-prcscu t.s the r igll! radical ~
(',ll1sis l lug uf tlu- slro kt·,; 7 to 11. 'l'l«-hierarchica l aurib utcd graph is shewn on the
Chapter 5
Recognition of Handwritten
Chinese Characters
5. 1 Introduction
Once the IIAGIl uf an input eaudidutohilll(l wril1.( 'lI d l il f1l c Ll' r is l"Utls LI'III 'C,l'd, it {"itl l
the n be compare d wit h tho model " AGII iul1l(' dl1lradl~r , I;d.ilhil,~'·. Thlls t.lw n~'oA
nu lcn of a handwri tt en Chinese dli tl'lIckr Ill~nlll l( ~ it )..!, rilph lII:l1.rhill).!,prul,I" III. I II
orde r \.0 provide tolerance to the i l n:(~pta ll ll' v; l r illLi o li S (Jr ti ll ! Cl l ill,,~I ' d WrlwLl'rs ,111 1"
lug recognit ion, it ma ppin g cost rlili cti IJII IIl :lwI 'I:n t in: ilf ljlU:/ ' IWY lrIil l rin 's is i IlLr" dll ", -,1
to the graph matching process. Using l liis tusl rll l ll t joll , till: IJAc;ll of ;. /";'II.l i,I" I.•'
cha racter can he mat ched wit h its 1!I1J/ld HAUl( whichmay , I(~ r:r j l " , Sf:".,r,,1vilri"t j" ns
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5 .2 R adica l a t tributed graph ma tch in g
{.' , •... ," ..} ;,' 1.1t; "'" (,.;.... .,.... [, tlOSI,,·dinol.\', T I1I' lIlappin g ("(1St fu nct ion ili thcdif -
;111.1 /I "'" 1""1..,,. I,,· 11\" ;"Ij iwl'l:f")' llIalr in "l "' hidl t"t,rr l"!'!,u lld tu t he tw o radical
(.\. 1)
wlwtl· "" l l: ) ;111.1 "n {!-) atl' t ill' &., II riglJllllt)sl hi ls of t lld r cliagulIi\1 entries.
111 ,m l,', I" ,,1l"1\" (IIr StIliI" Tl';,,,ullillolc' \'a riat l"Il" ill ~lrn kl.' o rM.'lIla li ul1, stro ke type ,
,"'II' "r 11l;(lrl li , Fur 1Ill' l'illld i.l ah' rhuracter , 'lllly one o r !.Ill.' varia lions is represent ed in
111<' I'U1"I' I'sl' " uolin,C. , 'ul ry ul ti ll' ra . lit'al nuributcdmutrix <IS described in t he previous
s,·d i..u. Ifi ll<' sl n .k,·\w rl " x r',)I1( 11 "illl.li,lah' dmriu:ll 'f is one uf thc varh.tlous of the
,',, 'O"'I" .l1llill.' "l rukli n -rh-s I~) . l lwlIl/H' V" r1(' )( ~bp lli llg Cost liJ i ~ equal to ecrc.
-,
Fip m' :1.1 "lluws au "xallll'l" lIr II... V;\I(' urs t ruk.' 1'1 ill ca ndida te radical X
t llrt 'C \'ar ia l iulIs: n ' rl i,"al"ri" llla litl ll .rip,hlo1 i'lp,u llill " ri" IlI;,t i"ll .'l1l<ll.·fl
~I
/'1 =< (1/I/Jf. ,I"' j.( ur;t ntetion, U J) > . " 11:
tll.! ."I) HII( I ) " .. (:1) " II(:! } 1/11(1 ) " II \ U)
~-[I~L~:I : i l " I
Fi/!,Ill"l' .'i. I. V'·r1.' :x ll1i'1.dlillj!,.
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III ~("I I ( t, , - I' l d t' JlIlI (l J)
( fl ll (lJ ) - 1' lI {(J)' / II{O)) + (1111 ( 1) - 1' 11(1 )" 11(1 )) +
'- III - " , OJ ... ( I - I j( II + (fl - 0 II OJ
HU - I ~ lI J +IU- 1 :>; O) + ( I - I >( I ) + IO- O x OI
11'-11," -' I', ' t l, 'x 1'1 I1w l.-li Ps wil l. l't' I'I. ,.\: ,.:. Fur t i ll' V1\IC' Irom " 1 hl l~l ' (' lil t)" un
;,s s, ...ia l t'l l 11'1111 "! i.< ·'U(jlJ IUI ~ . 11\1' ms l is ;
T I.ill IIM';\IIS I l lil t vcru-x j'l.Il".,.l1ut I1latdl \lith \"t-' tlex I~. ht'CilllSC t he \'crt ical ori€'l1 -
lali"n tlf ' ':. is 11,,1tlllI'''( 1I,,·\";oriali"lIs of r'..
wlu-n- ,r'J( ll ;lwl/'Ill '-) nn- I ll.., H h rigl 1tl11os1 hit ~ of their uoudiagoue l entries.
Silnil;uly I" lilt , \' 1\1( ' , lIlt, I ':, l~(' :\Iapp illg (' us! rI;J ill sot to zero, if the candid ate
d Mr". 'I,'r 1...1,,11,1:" 1.. "m -"r, I"" -arial iulIs in I Ill ' 1I10<.ld .
edge ri 1 in ils 111",1"1, '1'1 ,,' radi"i111'.,,,1,,, writn-r as / ::' , "I' /~<
l lwr< art- two \";lrial:IlIIS fur I I" , n-latiou I" !\\',,,,u IIll' ~ t 1""k. 'S ill 1110 ' ri"li".,I : I nn.l L
[!--~]
' IJ -.:< (I't l,/ l iu JI,f- ) > . '/I~:
1,) mud,,1
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1'1O " .r: For (J ~ k -;:; OJ. I,,,tll tt,,( kj a ll' 1 Ii" "1111 nnly h ll \"(~ vllhws I fir O.
So rw If -: k S ,j , Hu( k) - ll,,{ k )u,,(k ) ~ ll.
I ri s fJ is d" lill f',J ,I S
.1f.\lq A.IJI= t t ,·"
,: 1) : 1
rur ,,11 I < i, j < II .
I'w llf: tr t = j:
(5..11
(5.5)
~ ~
{;(Il'IO· j - I"I{,(·jfl,A,(oU =(;t.t,l (,(ol - II " " ' j! l ll :. ~, " " l ,( ' l ,'" ,
" "
f,(u ,/(,(ol -I,,, (t ' ju,j (L' )) h,\U oo/,,, (k ) , IIJ 1I c..
rm itUI ~joj~ "o
resented by tWII lllili tin."o TIll' ~1;, l ti); ~ 1 " Jl l'i ll " {"....1. M .lIf·( ,I, II I. ,'., 11I", ..~~ Il"
Il leit Sll tl' t he (lilrc~tl~IIf"(' I...t \\',~oll 11" ""01II;,lr i....",
,
?;'/"II {,('J-IIIlO'JII,,/t 'lI
( 1- 1 / I )+{U-ll/ UI + (I -l / Jj t
= 0
j ·1
.~ - 1· .,1,
(,.."", "''''' )IUl.., 'U'll11 n l ..", !U n"'''"' Ill '"n.", 1II11l 11 '.... U k>
IlUHkI h .k k.1 ' ''I. ~ ~ I 1l 1l.~JI
H=l"-,I:
(::::: :: ::::):=~== =
1·'ij:; IUI· .1.:1. ,\ <lj,U"'ll(,)" l11illricl'~ II lind IJ.
".....JI'."."'
r~" .~ " ,
(ll"·"
III I II~' s nuu' \\";I,\", r, =0 fll r tl:::: i .j ::::;i , I k il n ' :
,\l ,lIC'( :I.IJ) =ti>'J", 0
, ,,,1 ) = 1
ffi 1,4
~., ;:;'\II:IJ( 'u( ',1 (: u " ~,
,1"' 1",,1
(
,.".., ....... J ( ....""
(Juouuu IlJl~ KXl 1 ~ ~ ~ .J>
IXlUOllI I '" ~K" ' ,~~ ~ t11
UO' KlOlJ ' W H ' I l<~~~"
." ,\/q 'I , 'j l ; ~~ " '" I
In thc above CXil lllra tl 1l' nUIlJidi,ll: fi" Jin ri ~I:.. is U11l'ur lilt' vilri"t ir>lts .. f 11".
model ~ and --r- ' lIelll:t' , M MC(A , !1) is 1'(llm1 to :-'( ~r<> . Il"w, ~ v, ' l' , if till'
vertices in the graph of the candidate radical Me crdcre! dillerently, M M G(1\, IJ)
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"1 ...·ill r;1II.~' · III" " lIlt y ill 1111" :lr,1 r..w itll '] r u l ll l lll l t il switch with Ihal ill the 1st ro w
;11111 bl , -.. IIIUIII il l ,t (~•. F i"lIu ' .'iA ).
TI...r.-r"w .tlu- \" 'rh 'x " r<l,·t i ll grill'h r:~ shim ]" h., "rfllllg,...1 properly. To .mler the
\',-rl i.,"S. #Ill "p'-ti'. iur l ,".. 11 ,. 1 l",rnllll lll iUlI or dI ll 1I. lj i\I1"llcy 1II<lltix A is introduced.
'1'1... ~1~1<: il lI. II"·n ll ul "ti,,ll ..r."ljiln·rtry I rlil tri x t-au h' · Il~..l to liut! it ma tch Ix.'I....·I'C!l
a, ;lI ul (,',~ .
I J, J!:,! ~/! ~m. :~-:I A !.:!. 'i..!!!i!!.!:!.... !:!!.!~I!!!!.Lf2!f nl1i,,1I ur ildjilf't,t1I')" lIl'llrix :1 excha nges
"11.\' I\\'u I',, \\'S I...,11I1I11I';) " f ..\. ,\ J.!u:m.Y1..!!1iillL \If a clj; \ ('l'lll'y lIla tr ix It t'Xdl;llI gt~ the
i l l. illll i j tl. rows ;,rl " t " xd 'ill l,ll,lll,ll, 1111" ;111 i1'1f1 j l l. rull lllUlS in the ma trix .
1 !I J~'.i!!!!,!_ :~!!. l r it lilllil,..luunrl...r .. r, WrlFltll.l ti .ms 11ll\'!-111"'11 ]1t·rfnrllH..'(1011 adjacency
1II;,l rix A , ml<I .H ,\t( ·( ,.I. UI has n ..llln .,l lll zl'n .,lhl.· a, lj;!rt,uC')" ma t rix Il is sa id 10
1 ,, ' ~!!'1'!!~ \\'ill ,;,. lj;w,·,wYlIliIl rix II ,
'!!Ji.!!! i"" .~ 1I;\l Iir-;.1 ;,t1ril ul! ,,,1t,r ;' I,h a~ is Mi ,I' " JJlJl1J:1J riu lirallltlrihull"t.llrilpll
t:...if ;ulIl,ml" if llwlr ix :1 i.. n ,llIl' .llih l,, \\,il ll .llat r;x IJ.
II,. ll s ill~ li lt' ."I jiln 'tll"'· Illi,lric. 'S :1 <111,1 IJ to rl'prt"St'llt the grilphx G<and G...,
li ll, l i ll~ a IIMI.-I, frt ;1!l (:~ III ( ,.... ,1l'l"rl1liu('S wl",tlwr " is rOlllpal ilJll' with 11. Thus
\"\'fla ill l>t·rIll ll l ati ull .. sl'11 lll,I I" · I"·rf,,rrlll"d IIIL A to Xl'l: if ,I /M e (:! , JJ) is equal tu zero
lIn " f surl! P" rlI ~lI l ll l i ,, " s. I\S l ilt' bit wise tec hnique ix used to represent the attr ibute
sl' l uf 1.111' verti ...·s ;,,111 (', lg"oS ill tIll' adj acency mat rices , th e conce pt orunit matrix and
u p.-r;lt iu lll<uu lilt' ;u lj;Il"<' II<'y marrio-s is differe nt Irom those or tra ditional m atr ices
wllid, routnin IllIl11h"rll i11111wir rut rlcs . It is necessa ry lu gh 'l' new definit ion!i for the
unit mat rix illU t lll<' tlIK'rali"us un thenrat ri....,..
f) ffi "i /i o" ii .7 TII.- r/l/il IIltl lrjr is an it,lja...·lIO·~· IImlrix will, 111111 'I " ils .li;lJ.:" II;,1
clIlri<'s;11 1 OnUUnlJ as its 1IU1Il1illF,llnal t·ul rit·s.
f)r.ji,liIiIJII ii .S TIlt' lIlalri ,',·s uI Jl ;,ill,~1 fl,\' l"' rforlllillF, llll' I'rilllilil'l' r,,\\' " I' ..., IU ll lI l
operat ion 11111'1' UII ti ll' unit 111;, 1 elx is 1'; , I1 ,~1 pril1lili\'t' 111;,l rin"S.
lIlIil matrix. I'r illlili\l' m;.lris "~ I willl.t' ..h, ..ill,..1"" f..lI..ws;
I I I111 INIIIINIII 1"IIllNllI mNllI lIll
lllKKNIO 111111 IMIIIIIIlIl IlUIIllllll
1I11lMIOil 1Il1lHlIHI 111111 (HlnUIlO
(JIltJmHl «mun uuumu I 1I 1I1
'lIIil llIi 'l rix
I II I I1 INIlMlIJlI lKKIlNKI UINIIlIIl
IllKN"N' nlllNMlll I IIII I UIJIIlKlll
OUOllIJU II I II I IJlllllKIlJ 1I11l1l1l11l
OlJOOlJO OlJUOIIO mem I I I I II
Ilrilllitil'C: III;rl rix l'n
fJcfinili /J11 5.9 Th e lIl ultieficfl liflll t IJf lWIl... lj;l':'·' II:y lrliltrin ·s ,,' ;;, [ f'IJ ~,~ ;11,,1 I, .
{'i;!.. .. is dcfint.'(j as:
{!UiJ
7S
w ll< ~TI ' L~" I:r, ~ :r l , : , .r ~ ' i... . 'l' f " , ( .j is till' " I.i lwis( ~ <llItI" ope rator and I]) is t he
~ l l i tw i ~ I ' ur" u pl'n,t"r. Fur l'xMnple, if r = 010 111 aud !! = 11000 1, rh cu :r0 11 =
lJllJOfl l and :r ' i'!! "" I IUI I I.
fl.V!l!!!.~ilifl/i .~ ,:I A I'r i lJlili~'1' ruw(l"u!lulIll) () p (~r" l,i' lII 011 lIIa t rix " is to multi ply th e
is t .. multiply II ' HI I)(,t ll s i l l(~ with ;1 prituitivc matr ix.
l'mflll.~il;1111 ,~ . .J ' l'l«- ndjiln 'IlI'y matrix II is f:lJlIlpat.ibl,· wil li tho adjaceJ1q' matr ix 1J
if nudulily if ll wt'<,( 'x;~ls l,rillli li~'I ' lIlalrin' s 1'1 •• . • , 11 s,wh t]l<lt
,\/ ;\/ ("(1', . n - I ' , , ' /' 1*:1 ...PI. P~ .... . , * /',, 11)= 0 (5.7)
III u Uu'r lI"uro l ~ , if iI s,'1 (If pr im iti \"(' matrices is 1I ~t'~ 1 t o pe rfo rm the respectiv e per-
1Il1itHti., lIS " II : \ ,1111 1 ,\ I~ 1( ' (A' .1 I) is ('(1111I 1 t tl Zl'rtl. t1't'li : 1 ill eurup at iblc with IJ.
Fllrlll1'rrllllro' Iroru lk iinil,iull :,.Ii, (,.~ IlHltdlt' s with (,',,,.
5.3 Ex ample: finding a radical graph match
F i ~lI fl ' .... .:, S]H ' II"~ tlu- ill.lr ih lll ,·,[ nllli".,1gra ph G~ of hr; ll lch :5<: and t h e attributed
/!,r" p h ( ;" , u f its 1I1" ' J,,1. ' l'lu-i r ;ltlj;W('llt"ynuurl ccs a rc A <HI d IJ resp ecti vely :
~ ~-,','-'-, --:-,' ,' --- - ,-L& I_X
I":]"",(: 1_1 ' n1'·1 ":1f JI
Fil-\ll l"I ' rJ.rI. U;lIlk;t ) :5\ allll i lS l!llJrlt 'l .
ounm UllIlonl uurxsm 110111 11(1
(lumJ() I unlonl [lJOtlon Imllmm
i1 =
(JUlJOun ! O()OlJU [!JUlJO[ 1I0011IIn
Utl(JOllJ lJouoon lJUOll [O llUIHOI
(JUIUO] !JOHlJln fJUUU1U OfJOO IJ(J
(J(j(J()l[j uoouu IIUlJ(JOI U[jOllOI
11=
eono ru IJOfllJfll lUHIIOI IOOUOO
uouoou fJOOIJOl )(JI)O{)IJ O{JlfJO]
i! l
MM" IA .II) =ttc" =tt t.Co"Ckl- b"(kJ' ,,CkJ)= 12 ~ O.
, e ll . ' 1. l l = l k= U
III lIw first ill-ralj ,," . prillli l h·,· lIIitlr ix 1', j " lwk'C:lt..d ,,>I rullu wl>:
OIOUOO 000000 000000 11111\
UUUlKJIl 111111 000000 000000
OUOOIlU IHlOOOO 111111 000000
111111 (Junnuo 000000 000000
unum OUOOOO 000010 000010
tl{100 0 001001 100000 000001
1', . ..1. /', =
011001 0 100000 100001 000000
lI00lJlU 000001 000000 000101
.\I '\/ C( I' I ' : \ . /J\ . fJ ) = tt c;,= 6.
.. . 1 ) ='
I I I I11 000000 000000 000000
nounao nooooo 000000 111111
oeneoo 000000 111111 000000
UOOlillO 111111 000000 000000
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~1
001001 OOtl!l10 1100111 11 llUllOlltl
000010 000101 Oll()t100 ununnt
000010 OlHlUtlll 1I1110l11 1000011
OOOUOO 0011001 1000HIO 1I11 HlUI
M M C (P1" PI .. A . Pl . 1 '~ ,IJ ) ::: ttl',)= 11 ,
j"I J'"j
So mat rix" i .~ compatible wit h mntrtx /l aud a" lWllr!ws wilh (,'",.
5.4 Ordering the verti ces in a radical g raph
In orde r to find a mat ch bctwo-n G,. and (,'"" ill 1I11' wursl ri1 ,~" ill! pussihll' S'<i jlll'III'I'S
of per mut ntiuns all A ]I11VC to hi' cx, 11l1 il1t"[ til dl'l.,'rr ll i lll~ if ,I S,<illll'l1tT or 1"'rl1l11lati lllls
with eoerespondlug primit ive Illill rin -s 1'1" ' " l', will make AIMG( / '1 t • • • t 1'1• II I
have been proposed to overcome this 1'1'01J 1" IIl. OIl!' ,Ijlprll,wll is I,t) trliHllwlly s.·I'<i't
t he cont rol vertict:'~[S . \V. Lee <I ud J. 1\1 . I\ i l ll 1!)!i!)j. II <! w, ~ v" I" , r.,r till' l'I'm~lli l.i"n "r
impossi ble) hl~Ci'\lSC the posilions of l ' ll ~ Vl~ l'lin's VMywilh till: I l i l r. ~ n · nl wl"ilill).!, slyl.~s
for the eamo cha ructur,
order th e vertices ill the radical ,Iltd lml,l:,l gl"illJh. Tl lis wd ll':"s si).!,lI ili':illllty 1,111'lilil"
needed 10 find ti le mau-hI,}' l'errcmllillg t h.) III: rrl ll l lilti llllS 011 A.
For i'I stroke , I-'([lmtiull :I r + JJy+ C = 0 nlll ht' 11t'lIT11lin., l l>y 1111'n'unli u;IIt'l'
or its two end-points. SIlPIXIW tl MI t ill' ' '(jlulli. 1lI rur sl m k.' " wirh tWlI c11c1 -lltlinh
dete rmine the rclativo order ur tl ll 'SI' two slmk.'lI IITC':
R u le 1. The projl-'CtiotIS or s lmk.'S II alii! I, <Ill t ilt' X <lr \ . axis ,1.. lI"t 11\-•.,.-1;' 1'_
IJ ).
t r~ " ~~ "I,, ~1
----.
1 I Ju, Y~~)
.~.
(J'hYul
Ru le 2. Strok es n aw l b II.. Ilul t : rt1SS .w-" t,l lll'r ;U!'! lIwir prujl' ,"ti,," s lIlI lIw .Ii
axis overlap. Tile two ('lId,puilits (:r~l ' "~ I) IllI'! (.T~~ , Yb) uf l lw sl. r"k , ~ I, Ii. ' UII
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Fir,un· [1,7. EXlIIHI11.' rur .,nl('ri n~ droh'S a and b with Rule 2.
Rill e 3 . til mlil' II awl sltu l\(' b iutc rw-ct c;"c1. ot her, T he st rokes arc ordered accord-
illg til t1lt'il" uri "IlI,lI l,; tlll .~ ; /I . /lO , \I and J,D. For example, ti le stroke a is
Iloriim nl.:ll( l/ ) mill the .~ !r(Jk(' b is right diagollill(Il D), then a is ordered before
b (Sf't· Fi~ lIrc' ,'Uol ). If t ill' rode tJrstro ke a is tile sam e as liial of s t roke b and
t lU' indilll'ti a ngle-· o f >ll ru kc b i~ t;r('alL-r Lilitll tl IRt o f stroke a , th en stroke a is
on l.'r...l lo.'(llf(· stro k.· b{St·.· Vigurc 5.8).
"'i glln ' .'LS. 1·:x'lIu l,k· (tit o rde ring .1rok C'S II a nd b wit h Rule 3.
Sol
Rule 4 , St roke II <J lld st rokc f, (".1l\IIOl I l l ' IJrll t,rt '!l hy 1"111t'l< t·:\. l f ..l ~.r " 1 + I I~ #" I+('~ >
;:
r""..
(.r~h Y~ ' )
n
h
(.rh~ , #h~ )
( .r~'I.II,,~1
Figure 5.9. Exnmuh- for ordf'rillg ~ 1. rtlk, 's ,/ und {, with JlIII,· I.
App lying the urderi ng ru les, il sd. \If struk, 's in <I r.ulicnl run Ill' s" ,'I.,' ,1 1.0 {T ";ll,.
a ll order ed list by l1w rol1mvili A ]lI'Ol'I ', lll rt ' :
1. Sori the strokes uf t ill' r",li Gll into <I lIo 11-iIU:t{'IISiIi A Sl'I IUl' IIl"{' 'I' lUTOl',l i llA I...
th e vertical coordinates o f the IIJlpel' l'1l,1-l' lIillls o f lllf' s!.ruk,.,;.
2, Initialize an ,~mll ly list I, fill' 1,11t'lJrrl('Tl:d list.
3, W hile ('I' t- wilily) do
a) remove l he first s l l'Ok ,~ f From '1' ilml p lllf :( ~ il at tl,,: 1'1Ir1 of ti ll' list I,.
b) usc the orderi ng r illes 1.0 insert sl rlJke f lnu, iU I ;,pl'ropriall' 1,lilO: in I,.
To illus trate the st roke ordering nlgori l lllil, /111 exaHlI'I( ~ is ~ j V{ :1l in Figun: !i , IIl .
All st rokes arc sorted in1,{/ It "ulI · ilJ c:n:;lsin~ S(~q l WI! f;I : 'I' ('1' "" {T., 'J~ " . . ,'l id J, T IIf'II
8·;
illl ure] .. r(',l l i.~ l I. i.~ '!l' ri\!l:ll frulIl T hy applyi llg proper o rder ing r ules. Stroke T1 is
f('I11"v,,,1form '/' i1ml 1".1 into L first. Wit h rule I , !'iToke 'ii SilOllld he ordered before
st ruke 'Ii ilIlIl t hus is iusl'rl.,.1 ill I> hcfnn: stroke 'Ii. Accordi ng to rule 2, st roke 73
is ;.n,N slmk l: 'ii ,.url stroke 'J~ is ilrtcr '1"3. Again with rule I, Ts is after 7t . At
Figllrt' ,'i.lO. EXiIHl pl(~ for ordering strokes ill 1\ radical.
5.5 Hierar ch ical attributed graph matching
hi' ,. 1110,1,,1ill.lrilHlh·d grilph respectively, A one..tO·Ol1C corres ponde nce r is assigne d
10 XI ;;: {I'I... ," ..) nud ,\"2 = {1,:, ... ,I~,} . Let Gi and a: be the radica l graphs
I'I'm'SI'tlllding I" vert iI',':' I ' i nud t·:. :I. MHJ IJ; rl'IJft'S" 111 the radica l adjace ncy mat rices
of (Ii and U: f(,slll'I'1h'ply. TIll ' character lll<lppin& cost funct ion is the difference
:\Ii
between ll , and 11m »udcr the our-to-om- corn'sl lllll1l" Ilt'" l'. 1.,'1 I. "" II " J" ~,, ;l! lt l 1\' 0:.
alt ributed graphs II ,. and II ,,,,
the vertex vi E .\', is:
Dr-li" i /iOiI 5,12 '1'111 ' ( 'lltlHlf l,,. M fll,. i.r Mf l/II/illff (,'0.•'/ fru lli d lOl l";lI"tl'l" wljan'lwy rWlt rh
f. to character iUljll CCIIC.V uuruix II' is Ild ill f~ 1 its:
CI\1'\/(.'( /" II' ) =f t."" ,
;; 1 ) ; 1
whe re Tni j is giVt~lI by:
(.'i. til )
/);.11)
The Char acte r Mat rix r-.lappillg Cost, CMMC( f. ,A'), can I,,: IlsI:.ll" 1II 1~ilSllW till :
differ ence be tween t hese two llier1lrd tin .1al,l"iJ,lIkfl ~ra l'l , If , and II ~, . If (.'M ,\1(: ( I"
J() = 0, lie matchos wlth II ,... Simila rly, 1I11: \lI~l't i(:I:1'l ill ,.1,,: ~r itll h II . sh" llld I,,:
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arrallw :, r pr0 l',:rl),. In on l"1 to ,l\'oid the cnmhluatcrial prob lem J uring the process
of Imd,r:ltill.l!;, t il" rda 1.iv.: posil iolJof the radicals is used to order t he vertices in the
hi"ran:h klll "u.ri l,"I ",] gnl/' h. 'I' ll''' r;" lic<d .~ in II chaenctcr call he ordere d according
1.0 UII: fu llllw illp, pr iud pl,·s.
P r in ciple 1. If UUI' r<lfli('ill is 011 t ile h:ft hand side of the other one , hil t is neit her
OWl" nor undt-r till' other , tlu-n t ilt· It{ t radical is ordered ill front of th e right.
P r inci lli c 2. If urn- l'a, li..nl is uvt-r t!u-other , hut is neither011 t he left hand side nor
011111(' ri.!!;!l1 lwr!!l s;,],' uf till' o1lWf, ti ll' lor radical is ordere d ill front of ti le
1" ,U.OIII.
!.!!J!!!i/i'lII /i./: / Fill' lin ' hh-rnn-hirnl ,IUril'1I11'U graph lieof II candidate handwnncn
r-hnnut er, ,LIll i ti ll' Iiit' l"i ll"!:liil";ll ;lu rilJlIl(',j gra ph 11m of a model, lie is said to matc h
with II ", if tln-ir fOlTt'Sllllll llilig ('1 1il1"iH"tl' l" :\llIlrix J\llIppilig Cost is equal to zero.
Ilil' r;lrdl it'ill ;111rlbun-d rt'Pt't'St'Utlltillllandgrnph matchingofferan efficient method
fur ( ' lIi lll'sl ' ("h;lrill"ln l't'mglli liulI, With a matching procedure, characters ca ll be n..'1;-
IIglli1.t'tl if 11 malrh i.~ rOIlIlt! la'I\\'t'('1Itilt' II,\ CH or 11 echaracter and a stored model.
The rharnrtvr l't'fll.c,l1it iun pmn'tlllrt' is hr it'fly summarized as follows:
• Construct .111 t!ll' rilllifjll attributed grill'l ls fnr ,Ill llH' ta.linlls of ti lt' inpu t
character,
• Cons truct the hicrurrhical iltlr il>lllt'd gri'1J11 1/; fur IIII' i ll lll il ,'har,,.·,,,1".
• Search ti ll' Ilaba haM' to find iI llIilldl 1>1'1\\'1'<'11 II , un.l II ,,,. H ,. ttl,lkh is r,,"wl,
the r!lanlch'r 11Mh"I'11 rt'l"ugnizl·d.
• If llO Jl\al.c:h is roulIll, 111t' iU[>1I1 .·ll<I ril,'l .'r is l't'j ,..·l.,.I.
Chapter 6
Model Database Organized by A
Heterogeneous Multi-way Tree
6.1 Introducti on
III 1Il0._1.l' x i s l , i ll ~ n~ '( !~ lI ili I U I II II' I 11mb . il d lM .lc k r model datab ase is rcqui«.J by the
rt "'u~lli li"l1 sy., lI-l11 . A~ t ln-1I1lm!J1'1'o f Ch ill(~~c cha rac ter s is ve ry large (ab out 7,000
"ll;\fad l'l's ill ,l ili '~' uSI 'IT,'1 .lu.1 Liu I!J!llll , ti le model database could be very huge.
'I'lu- rt'w ,:;uit ioH Jlron'ss ruu ht' \" ' r~' 1t'l!iUllS and difficu lt beca use sea rching su ch 11
l; l f~(, 1ll<l11"1 .1"tal".sl' III lill,1 it llli, lr!1 uf the input cha ra rtcr is li me consuming a nd
ptlss ih ly inuo-uruu-, if f lw ,)nlahils" is not \\'(·11 or gallizcd. Therefore , it is necessary
10 ,1['\"t·lop ;lIt d r,'d in' IHl'l lllHl l u org illd7.I' HIIl I sea rch t he model datab ase.
OUI ' simpl., Wil Y is hlllr~nui l.l· all t ilt' mudds i ll i1 lil1l'ilr list . If the list is searched
!'i!l
sequent ially, O(u) comp arisons arc needed. In order to impr"",' tln- ~";H,'h ,.1'a hl",,, r
list , a "mu lt istage npp eoach" has bee n proposed iZhllUg, <'l III. 1 ~)1'I!11 . S " lU rll i l1 ~
t he list is divide d into several st ages. In th e first slagl', IIII' ..arltlillalt· 111" .Il,ls rl'T
an input cha racte r arc seloeted by some "rou gh" rC'nt llrl's or t ltt' input dl aral'tl' r, hi
t he following stag es, the selecte d !lll')deis ate rcsclcctcd i\1'("urllillJl, I" M'IH I' "Ihlt'r"
fea tures. In the las t stage of recognit ion, t he input c!liI.r"cte T is "SSi~ 1 1l' 1 1 t" 1\ m",lt ,1
wit llin the select ed candida te ~et by ti ll.' meth od of dtsteuc, 1ll " Il SUfl 'm. ' l1t , lIowl',,"r ,
t his met hod has som e disad vantages : e.g, (I) it can easily assi ~1l ;, wrulIJl,11 1,,1;,1 It>
t he input charac ter because the mut ually similar 1l1Ol!(,b of lilt' (lill'" ft ' nt l·hlUarlt' rs
a re usually gat hered ill 111., selected s('t; auf! {'.!)as ti l<'s{'I.",t",1,'a utli,lalt , M'L has I" Ill'
rea rranged in a linea r list and the whololillt h Ullto Ill' lIM',l til rt's..ll'd t l", "llIlO litlak
mod els, a lar ge amount of l illie it: s ti ll requir ed .
In this chapter, a hete rogeneo us mult i-way t ree a pproach i ~ iut r... luo-d. Il lll l\ k, ,~
use of bo th t he st ruct ural and st a tis ticlll informat ion of C I,in,'sl' dlllTad, 'r~ {fIT ti ll'
pur pos e of orga nizing the models in the dataIJn~" . W illi t llis aJiprol,,'h, a fast ali ll IL"
curate sea rch ing a lgo rith m has also bee n developl.'. l for t ilt' r",:" gniti"u ', f Illllltlwrit lt 'li
Chinese ehe rae tcrs ,
6.2 H et er ogenous multi-way tree org anizat io n
Using the radical a lp habet, 11 means nf groU " iJ l~ dIMilc t(:r~ Ilt:mnlillg (" their r;., lind~ ,
is an effect ive way to organize Chinese charac ters ill til l: Xin lllllL\)id i"fllUy, III Lilis
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is vr'ry ' "ullv' ·lIi.'nl t il liS" tlll' r;"l i" ..1 .dl'habl't urg a nizati oll sim ilar to the Xinhua
did ,ioll;,ry t" , livjr!,- 111l ' sd, of 11l lJ'ld ~ into disjoiut. s uhs ots . Furth e rmore , it t ree
s1.n wl,lln' '""" Ill' lISI-,llo irllpll'IIIl 'II L .slld . iI . \i\' is io ll. Hence , sl:i1Tchilig for II model to
Illald. ;'11input d,ar;...t r-r ill tIll ' (I"lal,a.s !' is fli\·jl]f'd ill l,I' a uumher of Sirl1l'rf~ and lo ca l
S"nr d ling I,illl<'. Fltr tJll'tmun\ s lll'ri ;ll s1.flllq l;it'Ss uch as hit -wise rcprcscntauon, radical
lillkf~1 fist, ,1I1f1 nllllp n ',ss iu ll vc-etur , \IH\'(' also been i1ppli.,t!so th at the heterogeneous
6.2 .1 Basic concepts for t he he terogeneou s m ult i-way tree
iU' ( t Or] iS il llmtr ix Slld Llhal :
.<" = { II
",)
if i =j
rclntlou nuributes
11 is ( ' ;lS)' ttl St' ,' l hal d. ilrar h'rs with idl'utit 'al Sl I Ms would howe(I) the same lI UIlI-
1",(" ()f ("illlira is alld ('!) tIn' sanu- spilti ill relations between redirals . For example ,
allll t 1111'S;IIIl I' ; l ~ 1lwl I"'I\I" " 'U r;uli"il b J1:.. ;11,, 1 t.., a n,l Stl uu.
cha ra ct er HllIl t Ill' !'oi"I"", [J"iUll " lI ud,'~ ill I Ill' IlI'xl ]1'\'..1 " f II ll' 1.1l" ',
coney matrix (SA.\I) Hurl a ll i",l u'II'!1I!lw!J id , "' 1lIl."ills;, sd "fl'" i"I.!'r:-'l'"illt i,,!\
to comulnation Ul/.I,'S, TIll' . lill lJ:IISilJlI uf tIll' iudcx ilrra y is N ir ti l" s i ~, ' "r H/1I\1 i.s
N xN.
!)~Ji"'l i(,,, lUi A auuusuuuu ,,011, is II Imd(' with two anrlbutos: it stro ke number
n'llll,;u" Ii"lI (HNf.' ) illlll a sl'l "f ""i/llt: ,.,~ l'ui llli llg til rlldkil) ucdc s or cha rac ter nodes.
(HI1 ,11 ) Illfo) 'I sC'l " f I!!!.!!.~ I,. rll,liI'a) !l()l),·s or cha ract e r no des .
G.2 .2 Mo d el da tabase or ga niz ed by multi-way tree
.~ l l'I l , ' 1. ll rr · " ,ljlln' lll'~' 111;III'ix( ....· .I,' I). Ih,· stroke- number combinat ion(SNC ), and t he
r-nrh h-vr-] MI' , Iisj"illl illul c1i\'i,ln) i ll l" smi lltt'r d isjo inl s uhsds at the next lower le vel.
T Ill' Iluin'rs,ll Sl' l is lirsl Ilnrliti " ncoti into subsets ca lled I'" rls, Allmod d s in a
pnrt hm'" t ill' S,tlll<'U.\' . Fur t·x<lm pl, ·. r1H1r"cl l'rs tEE I111d iT arc in the
S"'1l1'1",,'1 lI'illl f;"l ie'l l 111 11 111,, 'r US =:L II'hl~r(' character *belongs to the part
whh r,uli",,1 muuln-r If.\' = :1. Elll'h 1""'1 is also divided into disjoint subsets called
.~ ld i" I I S ,wn,,.,lill,!!, '" ." ..1,\1 . FlII' r-x.unph-, t ill' charact ers ~ a nd ~ are
1,1'1"1'11 ill 11,,- Sil i l lt ' s"t'l iun 1"""111S1- 1111'.I· lw\'t' 1111' sallIe SA,\I. Tho characters in each
.~ , "' i lm itt, - I'\assil i,"\ by sse ill ll l di lf,-n ' 1I1 disjoint sots cilllCtl groups. Ea ch gro up
\11
is then ~ Ill i t into di~j(}i ll l ~ ll hg r\\I1 11 ~ II'hi~h nu- r illl l',1 "sanu- I-r ,ltlir al gWlll'Sri l .... lC;s)
accor ding \0 th e !i."st r-adical in li lt' r1lilrnrh'l ll" Fllr t·xHlIl l ,k . ! EB '1\ul JSf h'l\'t·
t hc same Orsl. radical 1 and bokurgto !-SIG; *iK Mltl *1 1It'llllg t.1l +
-SIC, Each SH: can Ill ' Inrthcr tlividl'!l into disjoint Sll ll"~ll hgro li ps c1 t'lilll'tl , IS "sntm-
2-rll.dical groups" (S:!Gs), if the cbarnru-rs ill lilt' 81(.' lnrvr-mon- thuu 1111.' rndirnl.
The first radicals for all rho charnctors in 01 S1G ,HClIw sa me itnl!I. !L, ' st'l"IlIl,1 rilllil"l1ls
for all lh t' dH ' !"lIt "t t' l"S ill the- S'!.(,' nrc also t he s.unc. Fur "x,llllplc, t.1 ll' d lill"ild.I 'rs ,
fIT ' t~ " IIIe1 }~ art- ill l S I(;, fIT illld }~ <In' in i .....1f •
while f~ is ill n-.'J"!.(;. Tlw Prtll"l'SS of t lu- sulllli\' isiull cau Ill' rnrri« ! uut SUri l
th e SiG have more thau i fildic;d s, [II ,'m'll S(i + I jG, ull dliH',Il~tt 'rs hOIVI' 1,11t' Si tl ll t '
Ors l , sccond , " " i+ I rildirilk
heterogeneo us mult i-way tree. The rool ( in vcr ll'lI-1.riiUlg le lI(Jdl ~ ) of ll u ~ I.n'l.'n :p rt:st'l l!.N
the RN of t he part(sec Figure fi . ! ). The I liltaI Hts1:(lI n ivl ~rsill set ] is tlivilll,t1 iulo s(~Vt ~ rllt
parts: PI' " , Pm . For ux umplu, the dli lracter N IL , Ii_, illid _~_ , ",u:ll witl .
one radical, b elong to pnet 111, whereas 1.\11:d lilTilt:lt~r,~ ; rr Hud 2:C: llllv" tWlj
radica ls and belong 111 part lj~, Likewise lh t~ f:hilrac tc:rs ; ~ IT ilflt! 'ti IIi>.vj ~ lIl1't~~
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level 1
-.. . - . - . - . - - .. -'- . - - ~ . - ~_ • _ '; : : : : : : : .. __ ..~ J
radk"I .""",bN "o<!o5
FiAure Ii . I. Tree n'p n' sellt illg t he par tit ion of universal sci.
A MTlioll is Tt' /, tt 'S('II I I 'f 1 I,y it e-onliguration nod ct circular node ] a t t he thir d level
o r !.lll' ln'l ', T I1C' ."'AM of II Sl'dioll is stored , IS lhe key of lilt' configuration node. For
r-xnmph-, jlurl P:I nlll Lilillilig the dlil radcTs with tl-c same thr ee radica ls, is divided
into S(' \'('f ;1I s lTlhm s: .s" . . . , .~I, (.st'(, Figure 6.2). Here, 5 ; is the SAM or chara cters
with sp<lt iill s trurtnro rn , ~ll d S~ is the ~Ar-.l of characters with spat ial st ructure
t:::d,slIl"Ill.!"It.
Figll rl~ 6.2 . T I1'1.' fl'P""SI'lIt illg t ' II'l'iuLil i" lI " f a pa ft illl.. Sl,·t i" "s.
con figuration lIodc(lII.oc Fignre 6':1). Fer example, t ill' c1li1filf'l" fs ill ti l(' ... ·,., illll .01
ha ve two rad ical s . T In.' ilUIl'X ar ray A "f l lle c' lIIlip;Uf"li " " 110.. 1.· fur L].., ......timl ilf
a 2-di rncnsio llal ar ray. T ill! M;d;(/fl is splil iutn SI'veri,1 .'1'·IIl/ IIS: , . " .fI~oJ ' .,. W'II'I"I'
the SNC of 9k,j is I{',i ], Till : g l1lllj) f/k,J is n~lIn :SI:lIl1:f l l,y Il f'fllI1billilLi',JI llflfll ~ wll id l
is pointcd Io by Lhuindexurr uy element All-,i ]· Vur f:l ll l rllf" l '~ rll XJJ 0111" IX
which have two radic als , their SNes ;It"( ' [:1,:1]. Hu lll d li,n,I 'l, 'rs "do up, l" Jv'm" .'/~ , 'f
represented hy a l'Ornloillllt iu li llu" f'l'ljiull~lllI l ,y ti ll: i" ,I.·x 'Irray dmlll'lll Al:t, :' ] (s. ..~
Fig urc6.=l ),
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Figure {i.a . Tree rl'pn'Selili lig the partition of it sectio n into groups.
Tl w !'.IUll P wit h the S,Il1 W SNC nil he subdivi ded into "same l -radical groups"
(SI(,'N). For example, in Figure (iA , fJrouJI!13,4 which belongs to the subtree with
UN = 2, is divided into / -."'W, If -SIC, e tc.
A , ,,,,til dl'l" node i ll l ilt' t n't' is rep resented by it leaf node and correspon ds to a
Ch iIU'Sf' d lilr.1l'I,'T. Fur il sn lllrl't' wit h UN:= I, tile ]Ci\\'CS arc situated at t he 5th level
OIf tilt' l.rt't~ ; ill ,I su lll rl'" wit h UN = 2, the Icavl'S are at the 6t h level; for a sub tree
with UN = ~', l ilt, 1(';1\'(':1 arc located at the (k + ") th level. A leaf node contains
Il ll' HAM or Hie' hlsL l"iHliciI] of th e character, and a radical nod e at th e 5th level
(', )III.lins tilt' Ii.HI of tlu- Iirst rndical . Gt'licra ll)', the radical node at the (k +4)th
level contains the Il..U /llr 1.1lt' klh radu-al,
srz
As a n exam ple, Fig ur e fi....i shows how f baritrl, 'r /)( is r"l, n 'S"llt"tl I,y ;, pa th
the character hiL~ three strub'S, Iii,' st:r.01ullias fOllr st.rokcs, a ll. l 1,1ll' thi n l hilSUm~ '
strokes. Tile path sla rts fromthe CUlHhilliLliull 11()(1 (~ wit h liNe =: 1:1,4, :t\ atl!l., 'Ith
\
radical / hy tIll.' IU IM IIr t he rudiual; Llwl'illlintl nll,Jp ill l lt,- su, II'v, ·1 r"l,n,s': lII.N
the second radica l rL ;the .:harilt' t, 'r 1Il11 1. ~ al. 1I1t ~ 7t.J1 I"v.·] r"l >r1 'SI ' I It..~ l. ht ~ t1lin l
radical :x: .
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(3. 4. 31
H I-I X with a path in t he t ree.
Th e overall IM·lt"ro~I·III ·Ul l!l lIIulti-way tree organization of the database is shown in
Fip;IIrI· (i.l i.
tInn
d, ~",l" " f d,.",. '" "r du'",l",~ .:h."",\<, "I ,1"" 01,, "r d, ~,,,'" "I
~ 1 n 't ~ ,~
5 1 l. SAM "'d'~""I"", .';~h '1'",l"I""",I,.." M 0 8:1 i, SliM " r ,I""" ,'I",, .. ;' 10' 1",li,,1 .1" "'1", ,, '''' £":1
5, i. SliM ..r d''''/' o:lc... ,..ith '1'"" ,,1,W" 'l"",, '" [} SJ j, SA ~1 "1"1,,,,,,,,,·,, ..ill, '1",'; 001 "" "'," " " '" 11J
Figure 6.0 IIdcrogr~lIeOll S multi -way t ree urgalliza l io/l orIw"ld ,1.. til l "'M ~.
101
6.3 Construction of multi-way tree
1!,:fOTl' so',lr<:ltiug til(' IJIU1ld dlllllh ilSCLa rcccguizo till input handw rluo n Chinese char-
adl: r , till: tTl'<:I ll n ~ l first he rOllslrueled . TIle pro posed inse rtio n a lgorith m for con-
slt udillg llll~ lllllh,i' Wl'y tTt'C is:
I. Cr(';~tl: the roul l'{'prt :scnti llg t he model llala b' lsc.
2. 11Isl'rl m ch lII,uld (l lAGH j iuto the !.flOC ilCf:urrl illg to the follcwiug ste ps:
(I) lkrh '() till' 1',\.l inl1 lIumlll' I'(U N : II), tlu- st ruct ure arljarcncy ma t r ix( S I1M : S),
lLlIl]I.IU:s lru!i" lIUllllu'I' mmbilla1.ioll{SNG: [11, . . . , q"j) from the rnodcl(lIAG R).
(2) Sti ll"t fmlll tlu- mol ur tIll' l.rt't " sea rch il t the second level. If the node wit h
fiN "" 11 Ilm-s1101.l'xisl, H uew ch ild{a radical-number node) with li N "" n is
illsN lt:tl.
(3) FW1ll1111' 1l11,I.· l\'i1.h liN = II , HI'Md t il lllll~ Uli r(I I{'\'('1. If urc nod e with SAM = S
. IIl I'>lll n t , 'xi~ " ,I Il I'W rl lihl(a ftllllig llrntioll node ] wit h SAM =S is ins erted .
(<I) I\ t'n~s hnk-xnrruy (,11'1I11'lIt !I [lfl ' . . . ,1/0,1 of the node with Sli M = S. If the
1'\"111('111, is "il, anew no.lowilh HiVe = [IJI,' • , q~1 at the fourth level is creat ed.
(5 ) From \.Ill' llflltl' with SNC = {t/ I• •. ,IIKI, searc h its children (at the fift h level)
with l\1l' llrst rilltinl t illljill ' If)' miltr ix(f l AM = /ld of the model. W hen the
d liltl II'Hh U:I.\1 = ti l ,',\lIltu\ Ill' found , if t he model has mere than one radical,
it m-w dl iltl( riulit-al !l Ul II' ) with Il fL\I =III is inserted . and proceed to t he next
Ill:!
inserted .
(6) At the (j + ·l) l h lew l (j ::::: I), for th,' r' lIlir,,1 1Itl11.' wilh 11:1.11 h:. UJ , s"ilrl"ll
its children at th' (j + .'l)t h 1,'n,1 wilh t.lw (j + 1)111 T;l,liral i"tjan'lIl T Ill;ll.rix
and the model lHlll r"di i ,ils mu rt' than j + l, II IIt ' W dl il.l(r;IO Ii'·il! lilliit-) w;l ll
the t ree.
P rocedure {Trl't~ Cons truct.ion }
begin
Creatc I.he ron t of the \,1"1'1'
fer each llIodt'llim = [.\'""f",J do
begin {iIl1l11"1 rucdcls ]
derive Il N : n, SliM : S, .S'N(. ': [/flo. "" 1,,1 Innn /I ,"
search fl!iMretl(Tiulir ;ll·t11l111bcr IlIlllc) IIf Llwruol,
if tlll' node with IlN =11 is tllltf(JJllItl then
illscrt il raJ ical-1I1l11l11l:r lIwle{lw w d ildl winl UN == "
from the radical-nutnhcr no de witll UN =11, sl'arr:h il.~ rhibfn-n k,," li~ ·
uratic n 1lIl1lcs) with ,'"
if t llc 1Il1lle with SliM = S dut :s 1101. ( !~ is L then
inst!rl. il cuuliWlrIlliulJ lIf1rl"(II' ~W dlil,J ) with ....'IIM = ,c,,'
from the ccnfiguretiouuur!e w ith SAM =S, ilCl:t~ss its ln.h-x M Tilyd ,,·
mcnt AI/f" " ' ,/f,,]
if A[ql, . . . , fl~1 is CUlpty then
create IInewcombluatio n ht"JI~ [1/1.'" , ,,..]I lili n tt~d til I,y A['II' . . , ,/,.1
fro m till: comhluution IJlHlc ['II , . . ' , II.. ], Sl~iHl: 1 1 ils ,:ll il,ITI~u willI III
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if ti ll : Jlud.! with HA M ::: 111 i .~ Il li t foundthen
if ( II > I) {t1HJfC t hau nno radical exist] th en
Cf(~i,te;~ rad ic ili llur!(!(ncw ch i ld ) with RAM = III
else {llwn ! is only (JIl(~ ra d k ftjJ do
fr(' ilt( ! il chuructcr 1I0de{lII:w child) wit h JlIl ,H = II I
forj =:11ol.do
begin
("' 1111 tllP rilllil:/ll 1l0( 1(~ wit.h /lAM = Hj _ l , sl!Rtch its child re n wit h Rj
if the llOd., with /l AM = RJ ill not :.l\Hld then
if (u > j ) [therearc lTIOTe lhil n j rad icals) then
l"Tt'a lf' a l"HoI ir ,l! llw h: (nclV child) wit h fl AAf = Il)
else {t lwTI' ar l" 'lIly j r'l.lira ls } do
l"rl'illt'il r !l iHiwl c'r lIo<ldllCW child) wiLli RAM = Fl.}
6.4 S earching the multi-way tree for character
recognition
\Vi tli tln- I l('h'wP;( 'IH ~J l1S multi-way tree, a gloha l de cision ca n he made via a series of
:<ill1/'lc' IlI lt l lornl .kl" i .~ itJ ll S il l t ill' d ilrl' rcnl !c l"d s o f tho tree t o ascertain til e presence
0 1" ;l h~ I'I1('(' lIe 111,' lHud,'1 of nn inpu t character ill t he datalmsc. In this systemat ic
ntenucr , thl' 1'lIiri" lltJ imd arruracy lIftltt! lllatdl illg process for recognizing t he inp ut
IIII
6.4.1 Search in g algo rit hm
st ruct u re adjl'Cl'IIQ ' 111~l rix { S ..1.\1 : 8 ). lln, 1 ., t w kl· 1l11IlIIH'r 1'lllllhitlilli"lI (....,\' 1 · :
!ql, '" ' 9n]lor t he dIMar l"r run Iw ,il·rivl·,I.
T he search ~t " rl.l; frum the mol. I( 11I11' "f i l~ rh il.lrt'l1( r<ulil 'ill ·lllllllh n 1I,,,I,'s) \l'itll
I~N = II is (ound at t ill' ~,·,·tl lltll' ·\'I·1 of ti l\' 11,\,'. Its "hil,lt"n(""'1\!ip,1Ir"l iIl1l 1l",It- ~ l "I
t ile t hird levelarc sl'ilrd' l·d. If ..... is 1ll 111l'\ll'd loy 111<' ,...•..IM <I( a 1·... " lij!;lIr;,ti"l1 11''( '',
till' inde x nrray element " lfll . , . " 11. 1 uf ti lt' l1Ia ld wd 11", 11' is al'l' l '.,s, "1. T it,· " h il,l wlI
of the combiuntiou 111),lc' [loiu!t',l I0 IJ}' ..111/1. " •• 1/~l ll r,' visitl',1 I,ll ." I' if till' /{:I J I ' If il
childmat ches with 1I1l 'lir~t /{AM ,,(1111' in p llt d "lr ....!' ·I·. Ifl.l ll · llIil l d wd 11",11' ,d. till'
firth level of tIll' l,rI'I' i~ 11 II'Hf(dlil rnc1J'r11",1<' ) <Iud I,ll\' dla riwtrr hils lIlIl y Uli l' .';"1",,,1,
theinput cu arne tcris f\' ('oglli zc',lllIll l its fhit r,lI't,'r n HI.. i." 'fllwl l,,, 1.11""'1,1'11<1" « l tln-
node, Otherwise . th e S('il rr!1 I'r(l(:I'l>.' I'IHiLirllll's with L\ll' S UlT, 'SS UI'lI "r t l... 11<"\<' un lil
Th e inpuL char~rlef is n~l'llgll izl'ft when iI [wth Irtuu tI ll' ru,, 1.<If t l,, · In '' ' l" ;[ l' ';lf
is found such t ha t ,Ill l lll' 11"'!l'S lllllllg t ill' IHltll an' 1lI"lr!lI't1. (HI lI'rwh l', li lt' illl'lIt
cha rac ter should he rejected.
This algorithm is rltl~ell l e( [ ill pS"lllhH:wl, : as fHllllw ~ :
I lI/lIl l : 1/, = IX, f l
H, (i = 1, "" /I )
Output: Cha rlll:t"I' l:WII' IIr rrWSS1J.lle t il wj, ~d the dli'f/u:ll!r
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'·t....... lun - {S<·;,t, I>I " .. • l" wn'Jl;lIi7.,· t l,,:i 'tl...t dtararl "r }
btg in
,I.-riw· UN : If, S A .\I : S , au.1 ,liNG : I'l l • • • . • '1. ) fru m 11;;
~'·i1 r.' 11 till" d ,iltltl·lI(ri" lin ,l-lIl1rl1l.oer lIudl's) of till.' root
if tlwn: is "" MId . 11...1,· will. It /\" =" then
IkjP..tIl,:,·xit ;
hum Lilt' ra olin. I·IIII!II...r 1I1l11.· whh UN = rI . M"arcll its d lildrl'fl
if 1II1'r.· is lU, slId, 1Il"j,. will, SAM ltIaldu,.l 11)' S the~
Il"j,,,'lll' :" xil j
frOlIl II U' ("ullhp,lI r ill j"" u", I,· Willi S:l M = S , Ilrn'llS its iud,'x ar ray clement
'\f'II.. ... I/"I·
jf lh,-1'1"111" 111 i.~ " 1111'1,\' th en
H,jl'."L II, : r-xit :
rWIll f ln- ,·... ullina l iuu ,,,,,1.."'1. .."/~ I . Sl'a rr h its d liMn'u
if 11""..01. , will. II..1M lIl ill rl .. .. I I.~· Ii, then
Ikj ...·t ll, : c·xiL;
j = I ;
while t ill" n," '" IIlilld1t',l l.y ItJ is nut a leaf !lOl" do
begin
St'.u d ,I IH ' fhi l.lrmurlhl' lIllltch('\l ra(lic" tu()c!c
if II" ("hil,1wil l. II ,H1 lIlal d l(''C! hy /1; +1 the"
H."it'C"I 11,; exit:
j = j + I.
,,'
end
I'i lf ",."mpl,', ;lI lm\ I'I I 'HiIl '\ I' f l~. b ('{Jtl1pn~l'c ! or t11f(,,'C radica ls S'8 .end
T . Its eba re ctcr 'lI lj an·,,(~· matr ix (C .LII) i ~ :
1/ = [:n1./1 ~.;: ] .
HI. JJT :1
0000101 OlllllliOO 0011111100 OOOOWIII
0100000 OtlllllKlI 0 10011110 UUOOUOI
If , =
0000000 OIOOOIlO UOO IOOO OtMlOfXHI
0000 000 ononuol UllllOOOn 1l10(J()IO
noomm IlllllOIJ(J 1 UUIJI)(J(J(J IHJIllJUOJ (JUUUOflU
UOOllOOI llll lUUlI1 unomu Il!IllIIllOll IlIlUUlll ll
If l = OOOOIlIlU lIlHlllllllJ tIlJlIlJlIII IIlWMI\OlI \llJUUllI)ll
000000\ OlMMJOOO 0000100 OUlOOIll U1KJOlKJI
IUti
0000000 00000fJ1
[
0000101 IIOllMllll
III = 0000000 1101111101
0001000 O!fHIlJllO
{j(J(l(MlCKJ 1.KJ(MKKII
"MI "I<" ]
lJl OOI.Il'HJ •
lJlIIUlJUI
IKl(J(J1l1i
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UN :
\+,LR :; JS AM:
ut. In'
SN C : [< .' .:11·
l!;ulir a l' IIUl1h , 'r IIml,' w lth liN = ;1 is Ionud at thc second level o f th e l rcc ( F igurc
Ii.?). II t:lJ l lliglll"illiUlI node willi iLs struct ure adjacency mat rlx (SAM) matched by S
is fWlI lt1at the tJlir d he:! . With S'NC of t he input chara cter, the combinati on node
IMlinll~ l lu I,y till' il lfll'x lIf r,ly dC'lIIc lil AI·I,5 ,'tJ is reached . RAM of a successor ur
tl", n Jlllhilmti un llIu lt'lI1aldll'!llh..l of tIlt., first radica l rorth e input character . The
!II'a rch rU ll t i ll ll('S tu ,m lrh lI M~ i'Il'Omd radical 8and then th e third radical T of
Ilw input r-haractr-r , ,\ S t he last Inatdlillg node is a lcar(cha.racter nod e), the IrrM...l
uf till' ill Pllt rh il filc h'r Ila!!11(.'1.'11 Iouud and the input character is therefore recognized.
T h.. reCUll;uitill1l of 11 11 input fila fitcll,. by 5('arch in~ the model of the cha racter
in t ilt' llatilhast' i~ (I ll ilt, fiL"t amlaccurat e because t he models with d iffcrent SAM s,
,'tNCN,li t 1I1lIlllI1r!lc'cl llt\'\/ !I, areexcluded from the sea rching at the d ifferent levels,
In ti ll' Sl'ilr ('hillg prun'll~, ill lUI)' Il'w l of t he tree, if 110 110dc ca n be matched before A
um1clll'cl ll'af iNfilII lid , Ill\' input rhu rnctcr is rejected a nd the search is termina ted,
RAll ol' + H
B
' -j;Bch.cod·oI ~T
B
"'"'"":"'H,
Figure6.7. Heterogeneous multi-way tree of dla racll ~r l1Io<lds.
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G.4.2 T ime complex ity an a lys is of sea rc hin g algorithms
Sup pose an input char acte r has II rad icals (UN = n ). Its struc ture adjacency
mat rix(S AM) is .c.,'"~ ,, , and i ts st roke number combinatio n(SNC) is (ql ' " . , f/ll)' T he
1(jIMs for its lst , . . , nth r adicals arc (ft ,)q,)(q" . . " ( IlJl)9~ )(q ~ . Let ra dical numb er
II, the ent ries of -""'I" 'I, (O < i :'5 u], and the entries of (IIi )'" ,x"" (0 < i:'5 II) be
featu reS.
As matri x S"",,, is 11.symme tri c ma t rix and only the entr ies in its triangle sect ion
ucml to be used, the t otal nu mber of entries is L:~I i, Similarly , matri x (H j )1, X1' is a
syuuuctric ma trix and the to ta l numbe r of its en tries is L~:" I j . The refore, the to tal
numbe r of features NI of the input charac ter which ca n be used to sea rch the mode l
dntebase would 1>1':
NJ = I +i: + II +tt. i= (1l+2 )(n +1)/ 2 + t (q; + 1)q;/2. (6.1)
,,,I ;:lj" l ,,,,I
An import ant crite rion to j udge an algorit hm is the amount of ti me needed to
Iiud Ibe model of an in put cha racter . However , the time tc rcject an input characler
is another important crite rion since quite often the input cha racte r is written too
carelessly by writers . In this sit uatio n, it is desir able th at the chara ct er be reject ed
as soon as possible.
6 .'1.2.1 Cr-ile r la fo r rej ect lou of an inpu t character
Assuming l ilat the re arc ,II models in the model database, for the sequential linear
list sl~archi llg algorit hm , the best case is tha t only one featu re is used to exclude all
model s in the list , t hus requ iring M compa rison s. Using the m ulti- st ep linear list
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search ing algorithm, th e best case is thai ill the first step all models nn- excluded hy
only one feature and t he number of co mparison is .\1.
We can show that t he tree searching algorit hm in an averag e I'a se' ill Ilt'lt .' r than
the previous two algorithms in the best case. Let 1"; lie tile nvcregc 11ll1llhL'r of chihlrr-u
of <I. node at the i level of tree. On t he average, the searc h t im.' tu nIlW" (roUl Uu- fi rst
level to the second level is r .j2; the time 10 move from the secom l level t il th,' third
level is ((cd2) l: 7"'1i) /2 . The search from the third level to IIw fourth g""~ Ulr( >II ~; 1 1
an in dex array and no comparison is needed. Similarly, the liull' Lascnrc-hfWIII li lt,
(i +3)th level to the (i + 4l th level is (( I', t:d2)l:;~ l j)/ '}, ( I ..:: i < /I ) , T hus , tilt' tim"
to reject an input cha racte r is :
i; ~ ",/2+ ((, ,/2) t il/2+t ll,·,,'/2lt jl /' (1i· '1
i", j ,,,I 1_,1
Our data ba se contains 3300 models of daily used characters. Acwt,lillg t.. tlle'
stat isti cs, Cl = 8, {;'.l = 8, ( :.1 = 16, c'1 ::: cs = ." = 6, and the II vf~ r ag' ~ 1111111-
ber of radicals in an input ch a racter is /I ""' :1. Mo~t rlldit ..1N IIILVf' u" wor{ ' lim n
ten st rokes(lll ; < 10), In an avera ge cas e, t he time to wj,d lUI irlf'lIl dlarader is
4. + 12 + 83 +83 + 83 = 265 4;: 3300.
6.4 .2 . 2 Cr it e r ia for re cogni tion or all input clu.rnctc r
Wi th the sequential linear list searching algorithm , on 1Il(~ ave rlll!,{~, r"r each r' ~ lLl ll r'~
of an input character , on ly ha lf t h(~ num bcr(M /2) of /IJ(Jdd~ ill 1I 1( ~ li~l m.d to IIf'
compared, Therefore, the average numb er of comparis ons is:
II I
Fur t ll l~ r lll d l j -.~tf ·P lilll:ar list searching algorithm, assum e tl, at tbc sea rch is divid ed
in to ,. +:1 s tel's, UN ( lllU ~ f(:alufL'f;),S..~ ..(n(T1 +I )/ 2 fea tures) , [ql!"" q..](n feat ures),
Il . (lrtl(m l + lIt:.! fl'alllfes), ... Il ..(m ..(m" + 1)/2 features) arc used correspondingly
ill l llll first sk i', . . ., 11 +:H!I s tep . N; is the numb er of models rem aining in the list
at ti ll! illl ski" On the averag e, only ha lf the numbe r of mod els that remain in the
list ShUll],l 1)('n llllJlll rcd ill eac h step. Hence, t he average number of comparisons is:
COIIIJlilri np;with lIll: S('qll c lIti'l l linear list searching algorit hm, the average time
reduced by l lll! Irlld t i·slel' st' llrchi llg algor ithm list is given hy :
For tlll' lrt 't' scurchiug algoritluu, its IiN(o nc features], Sn"n( ,,(n+ 1)/2 feat u res),
j'/I"."lInl(lI fl'Htllres). IlI (I" I(m l + 1)/2 features)" . Rn{mn(mn + 1)/ 2 featu res)
,In ' uSI"I to search t.1 1 ~' uodes correspondingly .1t the second level, " 't n +4 level. To
Hndth e model of 1111input character, a path fro m the root to tuc character node has
lu lie Iouud. Earll nOIII' uloug the pat h is mat ched by the corr esponding featur es of
tln- input rhilr;l r!('r, Suppos e t hat t he matched node ill ith level on th e path has Ii
children. Ag,liu, til l LI!I' 1I\,1'I'age, ulily half the number of children of each mat ched
1I{)(1 ~' should he comp nrcd III lind till..' pnth exc ept for matched configuration node,
The ,l\'I'raAe number of rnmpansons ill this case is:
'/~! = Id'!. + Ifd2)//(1I +1)/2 +t Ui+3/ 2)t i, (6,6)
i= 1 j=1
II:!
The average time reduced by comparing the tree searching algorilhm to the \\Iulti-
st ep searching algorithm is given by:
'/ ;"/ - 'IiI "'". (iVl - fd/ 2 + ( N~ - !:)U{II + 1)/ ,1 1
N:111 / 2+ ~( Ni+:i - f ,p)'d'I,· 1 1)/,1. (0.1)
Here, Ni is the number of models which remained in the list at ti le i t h ~kll , j , is Lilt,
number of children of the mat -hed node on ith level of the tree . [lcncr-, N, ::-:.' I, and
6 .5 Memory r eduction
Wit h th e tree organization of the models, searching the ,lrLlahn."i(· for tlu: f\·t'Ul;llitioll., f
a character is divided into a number of simple and locnl decisions n] , difft:relll ]..vd~ of
th e tree, However, quite a large memory storage is required for Ul '~ tree url;iluizill i'JII.
In the actual implementat ion, t he memory required for t111 ~ hdcr"I;' ~ IIl ~"Il~ IImlt i-w"y
tree is greatly reduced by introducing a rad ical linked lisl nml cOlllprelisi" u vl~durs .
6 ,5.1 M em or y reduction wit h rad ica l link ed list
Accordi ng to o ur analysis, Chines e characters Me compost:'] of :WfJ lmsie tndiml s.
Different cha racter s may sha re Hie sallie radicals. A radicul cr,lIl llilll:d i ll scvl ~ ral
cha racters would be duplicated several times for tree crganlaat lon. T!I (~ duplicntien
problem is very serious in th e tree organiza tion method reported in IGhcII, d Ill.
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19881. In thal meth od , a character is represented by a path from the root to a leaf
of th e t ree. If two characters sha re a radical, t he radical would be dup licated in t he
t wo p/l.~h ll corresponding t o t he cha ra cters . In ot her words, a segmen t of one pa th
rep resents a radic al which would also appear in the p at h of ano the r ch aracler.
The radi cal dup lication problem in the heterogeneous multi -way tree organizat ion
is overcome by introducing the radic al linked list. Instead of dup licating t he sa me
IV IAl for t he com mon rad ical at different nod es in t he tree, only one copy of the
f{ AI" is sto red in a linked list . T he address of the IlIlill in the radical list is receded
:ls t he key in those rlldica.l nod es. T he linked list ca lled ITllli,·nlli.,I(see Figure 6.8)
sto res t he radical adjacency matr ices of all radi cals. A node in the rad ical list has
th ree fields: t he radical code , the rad ical adjacency matri x, and the po inte r.
n....t
G
flAM n( t IIA~I o r 0 !lAM o r A. IIAM"f B
_,I~-"'I, . , I ....Mhl..cOd, . .. .<Od •
Ii" ill ill
Figure 6.8. Radical list of HAA/ S.
• •
For example, characters ;1 an d ; IT share t he same radical I in different
subt rees (sec Figure 6.6). Only one copy of th e RAM of t he radi cal is requir ed in t he
I J.1
radi cal list, with the address or llt(' HAJJ lwillg n-rodcd ill I Ill' r\lrr('~ptlllllil1~ r'lll io'al
nodes lor these cha racters.
Assume that j\f~ is t he totalnumber or r:Hlin, l ~ rOl llp,,~illg 1.l11'rhnr.u-tcr lIl,lole·lllill
the database ; <Ii is the numbct or dnplim!.1011 11 fur r;"l ii'ill i. 1\~SI Ill W ; IS \\"'lI tll ilt "Ill'
unit or storage is required for an alllin'sll Ill"n mnt rix entry. T ht· Ullllll>W or st uril/otl'
units needed to store the raJi ca l lllljaee ltcy lII<l lrix(UtlM) or tIll' ra, lintl is lI" uml
t he amount of memor y requin' tl for ,~l o r i ll g 111l' ra,til'lll adj an '!It'y IlIalril'I 's wilh"ul
t he radica l list is Li~', d, . IIi. Wi th ti ll' r;l!lif"al lisi . lIl" itlllounl o r 1Ilt'IlIut y n 't luil"l',1
is:
M. ,1/, oIl.(;rl j . , +E",=' ~('f, -1-11 , ). ( ILM)
T he memory reduction is : L:t~~(rl;' "i- d, -I/;) , /\I' l'on lilll-\1,0 uur sl ' l t is1.ic"s, lilt' ;Iv,'nlW'
mem ory 11; for llUtlricc:i is Ilhulll 2r, units, 1l1l(11.1H~ IlV"nl/otf: l IiIlUI"'f uf c111j11 if"lIliuIiS fur
a radical (d;) is around 10. The memory sa ving is vl~ry sig llilil'Mll, silw/' II" " i = i:ill
is much bigger than di + 11; == :\:i. Dur ing Smtdlillg, th, ~ key of ;1 rudirnl 1I0dl' is
required fo r RAM matchin g. ' l'he a.l,l"t·HH tlHl',l hy th.! /1;1fU to ;\C'I'f ~S t.llf' radi "at
adjace ncy matrix in the rndiculIiuk olIist. 'fl w sl' l!rt:ldu/ot Linn:lIf l1w multi-way t ti ~ '
is only increased by the im!itl 'd Il.lldn .'HHillg (dcrerercJI(:ing ) tim e.
6 .5 .2 M emory r eduction wi th co m p ression vectors
Let mi be the number or coltligurat.ioll nodes fl ~IJ f{',~ellt illg tIll ! dlilfild "fS wtth i f,,,l
ica ls. Suppose ll iat the mexhnum IItlm!.!:r of st.rukt:s i ll it rit<l if:itl is II, T I . , ~ t.ulnl
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Jlumhcr of elements for these j·dimension index arrays in t he configuration nodes
with i radicals is I /I , f" . Th e ~otal numb er of elements for the index arrays in t he
1T1l1lli. wny t ree is ):;:..1111,11' , where N is the maximum number of radicals for Chi nese
eharectcrs.
Most Chinese Chl~rl\ders(about 98% characters in XinHua Dictionary) have no
rncrc than three radicals. The total number of Chinese character with more than
three rnllicnls is quite slIInll(lcss than 1000). AU the index arrays with more t han
th ree dimensions (i > 3) would have[ :~.l /1/,1/' elements . By the pigeonhole principl e,
a t lenst n:~ I III ; U; - 1000) clements are empty and wasted . T herefore, index arrays
Ior t he charac te rs Wit11 more than three radicals are quite spa rse.
According to stat ist ical data, most radicals have no more th an ten st rokes. For this
reason, even Ior thc two-dimensional index array Ih, the part or the array conta ining
the elcnr 11 15 ilAi, jl (i > 10 or .i > 10) is very sparse . Similarly, the part or a three-
dituensionn i index a rray ,1:1 consisting or the elements , h[ i,j, k] (i > 10, j > 10 or
~. > 10) is also very sparse,
T wo techniq ues nrc used to overcome the pote ntial waste or memory:
l. For t he configuratio n nodes represe nting th e characters with two (or t hree)
radicals, tile elements (pointers) ar e organized by two different st ructures .
• A two (or t hree) dimensional index array organizes the pointers of a con-
figuration node representing cha ract ers with two (or three) radicals. Each
radic al has 110 more tha n len shoke s.
lit•
• ,\ compn:"Sslon \'t'f lor orgil lliz,.,. t lll'IJtJiutt 'r'2! "r n " lIIlil!:lIraliu lI 11I,,1., "r I w"
2. Fo r t he rouflguration 1IU1lt' tl' p rl'SI' lll illR tlu- l'llllrlll'lt'fS with 11Iun' thuu t hn'!'
ra d ica ls, its PlJilllt' t.'lnrc urgillLizl'tl hy a l'U111 prt'ss illll wctor inslt' lul "f 1111 in,ll'x
ar ray .
A compl't"!t!liou vector is a 11lll'·,li lllt'llliitllla l i1"II)'(St'l.'l"i~un' Ii .!)), Fu r 1'.~dll'It"II,,"l
or the a r rilY. i15lin.1 fkltl ml.!:. .,. n.ltl•.,. IIIl' HiVe' 1'/1•.." '1. 11,)' rlltl1ll1 l;1
(Ii.!!)
whe re b> maxiuuunnumhor uf n..liG,ls ill I. r-haruct r-r. TIll' SI'!""1l11tll r il>llll'~
point s to il cilmbinat iutl node.
SAM
ffltrlhill.llilllt .. ...f<.,
f" IlII,illltli"n ,uH l r 1
f llnlil;lIfll.lilll" III!I.'
Figure G.9. (;olll!'re.si••11v ecto r.
II i
Tlw dl'llM~lI lS "f il (UlII l'rl~..ioll vec to r are ordered ill a ucn-dccrcesing sequence
u :r.urdi llt; to the n .. ll!S"f l lic Ck'llll'uls . '1'111'pu rpose is to use th e binary sea rch to
..d " r-tll ll: I:oml.illilt iuu lIude wit ll SNC for an input c1laractcr . M od cha rac ters orga-
niz,:d lIy Index i1rrlIYS Gill be: yisit.ee l I,y direct fy access ing the index ar ray cleme nts.
TIII~ s lrla ll pur t ion Ilf d lilr;lf"lI:rs n rgil l1 i ~ro hy a compr ess ion vector ca.n he visited by
hi na ry!W'ard l. TI ll.'rl·ru n' , S"i1Tl"lillll; ror cha ract er rl'l;Ognitioll could ~ till be ve ry fas t ,
l>II l till ' IUI'lIIllry r. ~h ll"t i,," is \", 'ry Sir,lIilif'illll.
Chapter 7
Learning by Samples for Model
Development
7.1 Introduct ion
Hierarchical attr ibut ed gra ph n'llTlo:-;c lI1.ali tm (1IAG It) {'a ll1I l$f:ril>f~ ilwl fl' p rt'SI' u l, lml h
invariant a nd unstable (Clll llrCS o f 1'1Chi ll'~ sC c!.;lrm:U'T wr i tLt ~1l in .! iffl'r\'UI. li ty l<,:". 'I'll' :
variatio ns related to the stroke orlentut km, st roke lYIlI:, aw l rt:!,l ljoll 11l ~1.W( :l.: 1l s lwkt·s
ca ll be repre sent ed ill a I Ii('nl n:l li fil I I I L t ribu l(~ 1 graph ( lJAG) wit/I" lll i lll :r()ilS ill~ L1w
number of models for l:ach cr l i llc.~e dl/lri,,: l( ~r ill t Ill: lI1udd d ;t l;l lJ11.~ ' \ Lf ,ar ll ill ll; II)'
samples is int ro duced to flcrive IIlIIfJ1rcJ fro m its silIllp lt:S writt en by d iffl:rr:lIt pm p!l:
wit h various ha ndwriting styles and habits . Furthermore, V;ril jJl l sy llUII!Sis is intru -
duced to build models for new cheruct crs and to up date lJlll I JI(lfld .~ lu il , llll.iLl"'.,'j(l lu
I I .
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rq m'mnt IIl UTl! haudw rltlug variat ions of concsponding C hinese characters.
SIlJlPOSf! l llill llw !lAG const ructed from a sa mple is called snAC.Likewise, t he
l"Il flirlll altrih ul ':f! grilJlI. (BAG) fur IIClIlI lPlllICll l radica l of the samp le is called SHAG;
li n: IIAG of a /IIUfld b rulhxl MIIAG ILUr] tho RAG of a component radical in t he
lIIollt:l b ( /llkd MIl i\G. Dllring the leamlug phase, seve ral SllAGs of a new charact er
lift: ,INiv{~(1 allll 111l'nsyn t lll'sizt'fi. For a characte r with its model in th e dat abase, if
t he !II(J(Jd s of a d,ilnld" l"l'xisl ill the datahasc, the n the models CRlI be up dated by
s)' u1.lu':'lix illl!; llw MIiAGs of LlI(..~t! models with the SHAGs or t he cha racte r. Oth er
ilJ,pwadles IC llI'lIg 1'1, ill I!IS!J; Nagy 1!l88; Sa lt o 1985; Gu 1983J require, for a single
d l1lrilder, many modelsfur ils sa Uiples, Fur the rmo re, it is difficult to deter mine how
1II.1IIY sa mples are n-quir od to obtain a complete des cription for a char acte r in the
d" lllbilse, Using 11 gritI'll sYlitluosisprocess, only a few MIi AGs need to be built for a
dH\riu:lt'r,
7.2 Attributed gr aph synthesis
1)1Iriug tht ' lI)'ntl ll'Sis pmn'ss, s)'nl.ll('sb evaluat ion is app lied to determine whether
tw" origin;ll grilphs run Ill' lI)'n\.Ilt'si".L'l:1. \ Vhile original graphs arc compared, each
I'tllllpMilltlll is sySlL'IIUI(,i(';ll ly dcscriluxl hy a skeleton grap h for the purp ose of synthesis
t' \'illullt ioll . If lIwrt' is il skeleton graph which satis fies a set of given condit ions. th e
I,\\'u orig inal grap hs will iX' synthesiz ed into a conve rgent gr aph . Th ere ar c two kinds
of gn 11lhll sylll lit'llis: /l AG synthes is which is used 10 in tegra te two RAGs, and IIAG
I:.?ll
syn thesis whic h is us(', l lt ) int,'grilt" two Il ,\l;s.
Definitio n 7.1 A ,~~'dr IQ II glllph G. = ( I '~. f . l is an att t ihll ll~ 1 ~1'ill'h "ss ,wiall ',1 wit II
two or iginal graphs G t ={F,. f , l 111111G~ = ( \;. l~'~) with th, ' sutrn- nll1nlwr ur w rt in 's
such that ea ch ver tex (e ·NOD E) I'i l Ii; \ ; t!"Sl" rih,'S li lt' t"tHl1pilrisun o r tWtI vr-rfirr-s
If; E VI a nd vJ E 1'1 1W(1 cad i !'llg" (C· Ll!':I\) / ";1 E I..', II,osrril,,'S II", ftl lllP<l ri Sll ll ..r
two edge s e~i E HI and c11 E 1~1 ' IIIot lwr word s, Hit,sk,,!t'I.'H1 ~raph "{JII"i us 1,11t'
information whk-h is Ilht,lh' t'd hy r lllllpari solls " f rorrt'Spu ll , l ill~ t ~ l l!,t"-~ 11111 1 \"l·t t io'{'s.
Defi niti on 7,!] DlJ!.E. is allllU.rilmLe fur ilI l {',I",,· (\ LINI\) u r ., vr-ru-x (C . NO IlE s ) of l '
skeleton gra ph whor e its valuert' l'rt·Sl't1\.s1,11l' rruupurison rt'su lls uf \.WIl n ,rnosl'unoliltl!.
ed ges or vert ices i ll t \\'o llrigi lla] p;rnphs,
7.2 .1 Synthesis eva luation of two RAGs
Sup pos e t hat two rad ica l 1ll\.r ilJllted gra ll]ls a rt' III =(V, . I..'. ) ;1Il ,1 1f~ :: ( I'l ' I':l ) wlll'f1'
Let A = [Qii ]u" ancl lJ = ({,ld..~ n ht, 1\\'0 rildiGll luljlW"lIO:y lrlllt.rin 'S(HI\M s) ':"rn "
spendin g 10 fl , and fl1 , n,,;pl'di \'d)'. As well, IPI.lh !: l:lI rf1 'sJ">JI, l i ll~ "~ k" I f'l" J1 ~ra l' l l
be fl , = (V" E. ).
The com pa riso n resul ts or two vl ~r1 i n'!i ill lWlI HI\Gs mull] 1", 1 ~;r(i1d ]y !tlil l d w ' ]
[c-match} , par ti ally m at ched (p-llmtd ,), I I<~lI r1y tJHt I , dlt ~1 1 (IH n" tc:l,), " " 'IIHlliil,dw' ]
[u-match].
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~Ildl 11lil1 tt .. (r) = I'u!r) , (\fr , lJ ::; r :5 5). where , means the Ith righ t most bit.
TI .. ~ lit ru k" , j•."rr il...d Ly " : i!l c lIilr1.ly t ile same as t hat described by V:. The Io@:ica l
rtllldi.. .. . ld' :flll i l1i ll~ wlwllll'f !loth Yl-"lif"X'll exact ly nwtch with each other is;
1'~ = l(fI"llI ) (hu(O)) V (11;;(0) . /,u (O'" · 1(n,,(I ). (hu ·(I }) V «(lii( I) . bu {I)))-
1I" ,,(2) (I... 12})V 1..,,(2) . b..12})! · (I....(3) · Ib..(3)) V (.. ..(3) ' b..(3))]'
(1"" P ) · (I', d ·I)) V (" ,,(·I) · '...l4I I1· [(..,,(5) ' (b..15})V("••(5) ·b ..(5})] 17.1)
A lHII II"''' i!ulin il,"Mrhnttwo \I('rt iw s vertices ": lilld v:; par t ia lly ma tch with eac h
ullll'l , s ud . tl"It 3/' , '1:5 I, :5r, . /Ii;(" ) = 1Jkk(/l) ::::1. For exampl e, videscr ibes a line
drukl: whid l ran lit, \Y ri tl cll ll.~ il horizoutal or rigl.1.diagonal (aj; =001101), and v:
.I''!l('rilH's 11 lim' 1I1mh· whirll ('i111be writ ten as 11.right dillgonal(R D) (bu- =: 001001).
Sinn' 11,;(:1) = bu {:l) = I , ,1 /1 1111 ": a rc pArtiAlly matched. If two vert ices flJlrtially
lil ith-II WiUl l' iK l1ul lll'r, 011I.' vnrlathm of dlrectlon described by the fint vertex is also
.1,'SI'ril.... l l.r iUIII11II' r v ...1I'X. I II t!.i ll Cit"'!, it is tho llght t hllt th e two vertices des cri be
till! \'ari al illllN of ti ll' same IItr okl'. The lor;ical funct ion det ermining whether both
wr lin"llJlart iall)' lIlntd l iN:
/';, = IfI,,(:!) ' /'u {1 l] V [,/.. (:1), bu (3) ] V [aii(<\) ' bu(1 )J V [ai(5) 6kl« 5)] (7,2)
An tHIII/lr'/' illllit'a\t' N tlllil tIlL' two vertices vi and v:nearly match such that
3/1,/, :! :5 h.1 :5 rl, fl;;(1) = bu(h) = I and II - iiI = I or 3. For example, vi
" " ~I'ri lo\", a huri:f.Ollal( ll ) lilli ' al roke 0111(1 1': dce crib es a right diagon/ll(RD) stroke ,
lIud l l hal '1; = 000101 illl.1 bu = 00 100 1. Smec 0,;(2) =bu( 3) and 12 - 31"" I, tI; is
I:.!:.!
nearly matched with I'~~ ' When two vertices nearly mat ch, one vurlaficu of direct ion
described by the fi rst vertex is 45d different from one of tile variat ions uf direction
described by the oth er . Because the direction of a handwritten st roke cnn 11l'rh IU I ~t', 1
by no more than 45Q , it can be thought thal the two vertic es descrilR' t ill' vueintio ns
o( th e same str oke. Th e logical Iunetion determining whethe r Iwt ll verlin 's r1t';Hly
met ch is:
,.~ = [(/ii(2) .1'H(2)l V[flii(3) ' /IH(3)] V[,,;;(4) I'H(4)1V lu,,(r) . I'H(!,)IV
(flii(2) bH (3)] VIfJ,,(3) ·/,.,d2)\ V1",,(3) "u l'll ] Vlu,,('1) ' /'u(:l)! V
[lIi,(2) l'u (5)l V 111;,(5) ,llu (2)] V[11;, (4) I'HU' )1VI,/"U'l .1'td 111 (7.:1)
An l l-1 llllh:h indi cate s that two vertices do not match nL all. Ti le strokl's desnilll'tl
by them are different , The logic function determining whether both VI'rU,'l'S Ilre
u-metch is:
(7.4 )
According to the analyses based on the logical functions givlm Ily (7.1), ( 7 . ~ ) ,
(7.3), and (7.4), a logical operat or ('J" between (/" and hH CIUi he dclillcd til ddl:rm;llc
whether two vertices flf and vkdescri be tile same stroke.
I';,VI'~ v r; V":,
['j;;(2) ' (11~k ( 2) V lJu (3) Vbu (!i)) ] II
[lli;(3). (I'H(2) V IiH(3) V"H(1))) If
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(ai i{.'i)· (l.oa (2) V l.ou {t1) v bu (5))) (7.5)
rhotYIl" vnluo of mrrml Jltlllding C· NO D E llf (vf E Yo) is defined suc h that:
j I, if 11; and Vk nrc c.metch , p-match, or u- rnatch'I'Y1'1~lll~ ) '"" (I, if", illl ,1 "k urcn-match (7.6)
Tl tl ~ mmpilrbo ll l"Cli ults of two edges ill two nAG.~ could he cxact-matchfc-rnatch],
luusely 1ll;ltd ,(I-lllal d ,) , approximately uuuehfn-mutch} , or unma tchfu-rnat ch].
hy Un' n 1'N1 1~f ltW is till' Sallll! ItS II n~llltioll doscrihcd by the secon d edge. Th e logical
Innct lou to (ldl'l"l1li'll' whether two l'dges arc c-match is:
IJ,. = [(,, ;;( 11) /',, (6) ) V (,,;, (0 ) . /',,( 1111]' [(. ;, (1) b,,(11IV (a ;,(I )' b,Ji))J .
[(u'J(:!) b.. (:! )) V ( lI ;j(2 )' 1I. 1(2))J . [(11iA3) b.,(3)) V ((1;)(3)· b.d3)) J ·
[((/,)( ·1) b.. (-J ))V(;;zfii'~)J '[ ( fl i,;(5) b. ,(5)}V (tli,;(5) · b. ,(5 ))J (7.7)
1\:\ /-tl/uldl indientcs thaI. {'c1gt, C:, repr esents a loose relation and edge e~1 docs
11111 l'xisL lh '[;,lillm T , .1, 1-, " (lntl 1. are loose relatio ns, T his means that if the
relation l1('h \'I,\'1\ two lItruk,osill a lnost' relation . these two strokes could disconnect
with •·..\'11 01]Wf, Fo r I·xaml lk. md irlll 0 t llll he written as 0 or O.T he
rigll!. \""rlin ,1slruk,· ;\1111the bottom horizonl;,] stroke have relation L in 0 but do
flul ,'UllIlITI with l'nrlt 1Illll'r ill [J. Th e logical func tion to determine whethe r two
1:!·1
edges a rc l-match is:
s, "" ([(a ii(O)· b.,(O)) V (Uij (O)· b.,( Olll- [(a iA I) · b:"r(Tj"j V (~ . I,., ( I ))1·
[(uij( 2) · b.,(2) ) V(llii(2) -b,,(2 )1l· {(Il'i P ) · II, , (:~ )) V(;';J(;\ ) ,/ ,,,(a))l ·
[(IIij(·I)· b.t{,I )) V(IIii( -I) .I" ,(-\ ))I! ' [(iliA!;)V f,. ,{fl)) ' (t1'J(f,)V IJ. , (i"i »)\V i)
of qnas i-m atchiug relat ions . The palrs o f quasl-matrh TI 'l a 1.iutl .~ 111'1' (I " T), (I" .1.),
( L, r-), and (1,,0.\) . If tho rclat io 1l 1 Je1.w l ~I '1i two s1.111kl'S 1 lC' l o ll~ l.o il pair of Ilililsi·
ma tch rela tions , t hese t WIJ sll·ukt.·s mul ti h,' \'I ' I·il lll'r ,lll 1, 1·l lll IWI·ti ,, 1I ur any OlIO' of
t he connections T , 1 , l-, ;Iud' . Fur exmnpk-, r,uJjnll 0 1',111 I.. · wriUI'lI ilS [ I
o .The left vert ical stroke 1H1d tht.· IUlttOlu hor il'.\lut.al sll'ok. ' !"l"" r('\"t i" " I,
i ll 0 but hils rela tion f- ill 0 ' T he logi('al fllllrLiuli to III'L"fIlIill\: wlu-Llu-r twu
edges arc an a' lllilLcli is:
An It - malch irullcntes that two t'r1g('.~ are lIoL 1I 111ldll~d II I 1111. TIJI·r ugil:iLl ftl ll d jlJII
to dete rmin e whethe r two '-'dg(~s ure 1I'I1I1I1d l is:
U« :::: li. V III V 1J~ (7. 111)
Sutnrnariaiug (7.7), (7.S) , (7.!J), aurl (7 .10), whethe r two VI~r lic< :s /,:j illlll f ,~t IIrt:
m atched ca n he dctenniued IJy 1L logical (J rlt~rl\tur r..J, hdwI'('1l Iii ) illltl iJ" slid I that:
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r;;;:m v (tI'i( l) b'l(2) V b.,,(3) V b..l{oi)))·
[I1,A2)V (f/ij(2) b.1(J) Vb. I( 3)V b. I {1))) ·
1((;,;(3) V (t(jj(3 ) . 6. 1(1) vb.,( 2)V 6. ,( 4)))'
[,tij(1jV(Uij(1)· b.,(I)Vb.l(3)vb.d2))} (7.11)
!I, i f t::j and c~, an: c-match, l-matc h, or a-ma tc h'/'rJ }/:l f~i) ) "" 0, if (:: j aurl r;~l III'C u-match (7.12)
Till' skeleton gl'ilph ra il he reduced hy removing those C-NODEs and C-LINKs
with typl' valm-equalto O. The reduction of the skeleton graph for two radical graphs
\. HI '1II 0 \ 'I ' the C· I.lNl\s lHl d (\ NODEs wit h type value equal to O.
'J IJt']d"lI11'C·NO DEs ("\11111\'('1(',1 to t he removed C-LINl\s.
a. I) I'1t'lt' ti ll' C·LIN1\s ind olent 1,0 the removed C-NOl)gS.
IJCji llilifJIl 7..'/ t\ rerlurcd :lkd('loll graph Il, for tw o radical graphs R1 and 112 with t he
.~i1 11lt' 1lI1 1111ll'r of wrl kl's is called nJl/Il J/cl iQII of II I and 112 if or der(R . l = order( Rd .
Two n" li";ll gri\p ll~ ..an IIC' sYlll h\'~ i~ l'd if t heir completion exis ts. A reduc ed skele ton
grllph H. ra n ln- rt'prl's('uit't1hy all incidence matrix 7' with diagonal ent ries describing
1:!li
the e-NO DEs and uoudiegoual ent ries {lescri lJillg thl' (, · LlN Ks, 'I'h{' ill.. i{ II 'lIn· II~\tri ll
can b e wriu cn <IS:
7' ~ I'"J. ..
{
lyr e value o r C-NOD ~; I~.
l", :::
ty pe value o r C-I.INI' t:;".
1'= 11
ul!l e' rwjst '
(i.I: I)
(i . I ·l l
As <I n example, Figure 7. 1 8110ll'S S B"r:8, iiI 0111 11 li1 uf rllt lil'lll 8lll llfllt'S IJ-
and T ' TIle COl'Tt'llI'(lud ilig milic ul ndjnceucy Illill-rire"!! i ll' I' , l llllll H,
Figu re 7.1 SHAGll or radica l sam pk", ;j- 'ilI,1 ~-
000101 001000 1000lJ0 0001100
001000 001001 000100 IMIOlMlfl
10lHIOO 000100 0100111 OIIIlMIi
OlIOiMIO 000000 O()(MMI I UOlIl IU
000101 (lOUOnO I[)UOl)fJ (mOOOU
OOOOOIl OO]{M)I onOloo uuuetu
Jl = [bi.il :::
1001100 nonIon olCKlU1 O()(llJllI
000000 OooUIO UlMXMII 100010
The reduc ed skeleton &rap h /l , fIr III a llil /l1 arl: ~iw:n ill Fi~" r{: 7.:./,
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'I'J)I:c(Jrrcspollilifig incidence matr lx 'I' is
I I I I
I I 1 1
I I I 1
I J I 1
where Ii, = lIii0v bji, illltl lL =/1;) 0~ hij (i f. j ). For example, ti l = a l 10 vb' l =1
and 112 = (! 12 0 . /J12 = I. All other t i j can be obtained in a similar way. Here,
urck·r( ll.) = on ll:r(H .) = 01'dcr (H2l = 'I. T herefore, R l and Il 2 can be synt hesized.
III fact , holh radicnl samples represented by III and Rl aTC two variati ons of radic al
7.2.2 Synthesis evaluat ion of two HA Gs
Xl = Wi, . . ,\;~ } , "\1 = {.... f ij ,... }. and "\1 ={..., E;h, ' . .} . The character ad .
T h e eomparlson res uh of two \l.'rl in. 'l' ill two 11,\(0" ("tHII ,1 lit": ,'xott:lly llloll r ll( t..
matc h ) or unmat chlu-match] . All e - w atch hu lirall'll th ilt two \l,.lin~ '~ " II,I , ~
match such t hat di; :::: fJl' An II - m aid in(lica h'll that two \·('t tirl's , ~ ;\1111 ,; tlu
net match such that ni ; f f l" For two gi \'t'll w rt iu'll \1;;11 1111'; , ti ll' IYllt' '0',,1111' tlf t ln-
corresponding C-NODE W(I't E S.l is ,kfi lll,.1 sllch tllat :
ll ' i f II; allli \/9 an ! ('-l lml.l'hTYI"",,' )= G,i f "i and V, an' u 'lIw ld l (7 . 1.1)
'/'r PH( l:.ijl ::::{ I , if H' I aUf) H~.. itn' (' - rtl,lk!l (7.lfi )
U, if H
' I all ,) 1~'~~ l' f " 11-111;1tr· ' 1
The a lgorithm to reduce the skeleton };n lp h is :
I. Remove t he C·L1N Ks and C-NODEs witll '-Ylll: WIllI< : ,sjual to Il.
2. Delete th e G·NOD I~ CUl IIlI!(;ll 'l! to t he t<:1l1(IV. :t1 G· I.INKS.
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I) tl i ll i litHi 7. ~ 1\ f( ~lll tl~d skcletun graph II. of two !lAGs II I and III with t he same
number of v(~ rlic:es is ca]l(!I'1CQ1fIl, ldilJlI o f II I a nd 1I, if ordcr(lI.) = ordcr(I Jd .
TIll: condit ion llillt two IIAG s III and 112 (a ll be synt hesized is:
I. The (;olJlp ldinu of HI ILlIl I II , exists .
2. For l'I~JI C-NOIlE in the COlnllld ion , t he co mpletion of the t wo RAGs corre-
SPO!lI!iug to the verl j('{'lI tlt'scrihed hy t Ill' C-N ODE ex ists.
7.2.3 Synthesis of two rad ical a t t rib u t ed g ra p hs
If ("U1llp ldioll G'~ of tWII original rad ical gra p hs Il . and Il , is found, a grap h sy nthesis
(J1I1'rat.io rl U, Gi ll lu- .. pp li,·11to ill h' gra lc t he m in t o 11ucw r ad ical graph Rn ca lled
(·o IlVl'rgl :ll t. rill1k il,1 grilph. ~ lIl lr HJS(-' tlia t H I = (Vb 8 1), Il , == (V" E, ), and Rn =
(V,, E,,). A = (fli,;]",,", IJ = [/I"},, ,,", and J) = [dkl }" ... arc corres ponding radical
"djllrt'm:y 111l11ri("l's, Gil = /( 1o, Il , i f:
I. For (';ld l C - NODE ill G" which record s the comparison of vert ices III E VI and
l'~ E II" the ft· is II \'1'1"1.1')( "'!E II.. such that dll = "II tDb99•
2. Fo r t'ild l C- I.1Nh: j,l,a l.llUl ml"li'S tho compar-ison of edges Cij € E l and c~ , E £"
I[ l' fe tJ) is "bir-wiscor" 1I11'fl l Lo r,
Fur cxnmple, 1,111' S)"111Itt'Sisor two radica l graphs in Figure 7.1 is shown in Figure
7.:1.
T he cc rrceponding n liliClllllljan'lIc y matrix is :
00010 1 mmnu runoon mmon
001000 OOIlIOI OOOIOIl OO(tflIO
J) = [J;,}=
100000 OUU]OO (JlU(Jfll lllJUUUI
000000 UOllUIO OlIlHlO l llJOJl l
7.2.4 Synthesis of two h iera rch ical attrib uted gr ap hs
n; is the RAG corresponding to V;' E x.. II " == II I u , III if:
I . Corresponding to each C·NO ]) I~ tllal ,]{'su ilu 's lI lf ~ w lllparisllil of v( ~l'l i n~s V,
and Vf . t here b it vert ex \~" € X" Slid . thll.t r,i '" fJ,i a ll ' ] 1l:' = 11, U. I~ .
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2. Cllrn:spllud il lg toeach C·LlN I{ which is anannotation cl ercs Ei j and E k" the re
7. 2 .5 G raph synt h esis by ordering
III (HIltyto determine whet her two graphs call be integrated , the complet io n of t he
gra plls sho u ld II(~ de-rived. lu the worst case all possible skeleton graphs for the two
gra phs sho uld be ohl;li llf~ 1. It is prohlbltlvoly expensive to gcncnt e allthe skeleto n
gm plls. Thi s isIId ualJyit n JIIII,iulltorial pro blem. To avoid the combinat.orial cxplo-
sim i, L1le \'('r l1l:l's ill the /l AGs or n AGs arc ordered accord ing to similar p rinciple s
give n in Chaph'f 5. For ins tance, t he task of derivi ng the co mplet io n of two radica l
gril.phs mil 1)(' ill:r<nl11Ilish(·c1 hy m ill paring corres pond vert ices or edges in the two
grap hs 1/1 = (i"z, /..:. ) ;lll tl 112 = (V2' H2l ill such 11.way thal Vi E VI is compared with
11: E V2 lind ';;J E 1::1 is rompanxl with <i E B1, With adjacency m at rices, t he syn-
tht's is l,\,,,lu atioll of t he two graphs b l'tl lliles ti le com parison of correspo nding entries
ill t h e adjllCl'lIl:l' IIHll ri('l's of the gra plis. T he result of the comparis on is recorded in
II skdl,tUIi incidence matrix. Ohtailling the complet ion of two hierarchicala tt ributed
grap hs rail h t't lullt, in II slmilarway.
For two r, u]iril g raphs HI illlll1l2 withAn,," = I(lii l anel l1..xn=(biilas t heir red-
iral lIdjiH'l'llCy IIlntrit'l':i, the-irskelet on incidence umt.rix 1ixi = 11;1/ can be calculated
{
0;, 0,. II,i if i e J
l i j =
(l i j 0'/' ij iri f: j
The condit ions that dcfluc whet.!u'r III aiu l III ra il hI' sY II I.I ll's i ~. , '\ 1 an':
• 1= n ,
• lij"" I , V t.i , i =:; I and j:5 I.
(7.17)
The radical adj a n ·ncy ma trix /)/ >< / = [di j } uf tltl' 111'\\' f,lllie'al ~r; lpli(nJllWrp,( 'lll
radical grap h) fl~ fo r III llnd U~ is:
(7.I K)
their skeleton incidence mat rix 1;" . =; \ILl rim Ill' ra k llh,1.I·" ;L~:
• I:.i=1, V i,j , i :5.~ and j S'.~.
graph U~ fur vertex VI' E X~ G ill Iwsyut hcslxed.
The character adjacency matrix o f tile new II~ is I'~" =I[,jl wlwrc~ I,}= 1"]0
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7.3 Update t he model datab ase wit h t h e sa m p les
TIJ'~ lIall1pk'!lof lU I in pllt cha racter (a character willbe learned) are well selected by a
kadll'f. Only I)usi t i~ lIilHlpb arc learned 1>y tile sy stem. If th ere exists a model of
ti ll: inp ut characte r in lIle Ib. lll"a.~C. it may he modified to include the samples with
grlll' l. ~Yll t l.es is. In onh'r to determine whether a mod el of t he input chara cter exists
ill ti ll' 1II!. tah;L~{" till' 1rt~ · I l llS til he sl' i1TchcJ with th e SnAGs of these samples. If
Ull'n ~ is lUImodel ma trht'll hy any SIIAG of samples, t he SHAGs will be inserted in
n is IllIssil ,I",U lIll ;1SIIA(; ,If an ill1l1l1 cha racter a nd the M IIAG of rhc cha ra cter
' lfI' 1111 lIlillr:ht'1l by caku llll illg the lllil]lping cost . Consider a single radical character
;j- as ;lll (')(1111I1'1. · . llen-, ;j- ami /t- arc it s model and sa mplclscc Figure
i ,I ). " Mltl IJ an- th e rom'lil'umli n&adjacCTlcy matrices. The eorrcspcnding Mappi n~
C(l~ l FlI lIction{M~lC I (or 1\ ami IJ ill:
MMC(A,IJ )= 2
111 thi" l'a""', IIIl' Il1m l.·1ra il lIut Ill' foundand t he SIIAG will he inserted in th e t ree as
it new model. This will iutrodueercdnudancy ill the model database and consequently
Ih }i ll i/ if/l/ 7. ,~ l'ur u {'hntlll"lN with seve ral radic als, a ny ot her character lh a t shares at
ll';l~l tl l ll ' IIr Illurl' l ' U ll lmUll rmlit-alllis defined a s rq-mdico1 rhame/erof th is characte r.
IJ.F "i/itlll 7.(i F l it a r;lIlit'III, ;IIlYd lara clcr which cons ists or thi s radical is defined as
llldjrll/·rlcril'{d c/w m c!rrllf ti ll' radical ,
1:\.1
Defillitiotl 7.7r\ radical is defined ill!~l)f its mclicnl.dorived dlilnll·ll'r.~.
Defi nil,ioll 7.8 A f<u lical is defined as I!"gllfdmdim/, if a llllHld (If 1111 ' w ,lir;I[ ,'xisb ill
the model da lalmsc.
Moreo ver , t ile inconsistency for rmmuon TiIliril.ls Ilf r;ulil'nl·,!l·rin' lI l"!1iIra!"t"TS
would he pr oduced in the d auilmsc . Fur 1I1esallll' cx nmpb-, all rmlical.drrio-d rlm r-
actors in tho data base of ra d ical ~ have ttl Ill! Ilp dn!.l'll to illl'lllll,' till' \Lt'W SHr\( :
for It-. II is ve ry dilllcult lu flud alltll"S(' ra, IiI'a l - t1I~ri\'I'd d IMad ,,'rs ill t.ln-ttl'!'
witho ut t raversing e very node ill tIll' 1.11'<: '.
difficulty:
• Sam ple IICI[uisil.iuli . D uring till' h';lt nillg ph;I .~I" !.II!' ll',ldll'r slwuld prllvi,11' 1.1",
charac ter code and the rndkal Gull'S or I:UlI\[lllllC·II1. radic'a ls fur ti ll' illllll1.chur-
actor.
• Table network orgallizlltioll . This "fovilll'S dirt,<;\, umlfil .~1. MI'I'SSill,l\ ;nul IlP'];Lt ·
ing nf tlrc databasc.
• lntcgre ting a lgorit hm. lhc grap h s}'II11 lc'sb tu 1l1' , l at (~ lI w IUIHIl'! ,Ialal ",sc' su
that the mcous lstauecs andthe tl~lllrlt laru:il~s ra il I j(~ aVl,id,'l1.
7.3 .1 Table n e twork organ izat ion of model d at ab ase
TIle network cousiste, of two 11OstS: l ll(~ lu,~ l for diiITll(;t.'~rs ilI,,1 ti ll' host. fur r;"ljn.I~.
Each !lost consists o f scvcru! fUlidillllitl lith ic:!; .
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Th e ho st for clmructer s
M Ull! host fur Chilra(:krs, lIlCrc are three kinds of tables: character table, MHAG
( char-code model-nu mber
("- char-code 1II0Ud-1I11111bcr
.....
C di,r-c:u,I,· model-numbe r
C. char-code model-uumh er
F i gl1ft~ 7.'1 Chemctc r table.
Chlll"ilrt!'r t uhlr- (Fig llrt· iA) is a linkcIl list whichstores the models of characters .
E'lI'h t l'{"Iml ill tl wrlmrild<"1"tah l(' mllsists ol thrcc fields : c har ·.codc ,nlllnbcr of models,
ill,,1 /"li"lf'l' . ellllN'lIIfe bn!ll.~ t lu' rharacter caul' of the corres ponding character;
IHlirJla points 1.0 1111' t\1I11\C:suluahlo of the character . Thech aracter is searched
SI~ IIIl'llliil l l )'.
Fullowilll!; tlu- d;IS h (.~ 1 tilll' slllrtillg al tMlIl\Gsubtablc I in Figu re 7.6,the internal
sf.rurtur e of ll'l' l\111,\(, s ulltnh!.· or II churuc tcr is illustrated. The MIIAG subtable is
a l it1kl ·l l li~1.. E;Il"]'~ I II AG rOT a 1110lId is stored .\8 a recor d ill t he 1tHlAG snhta ble.
Em"h u 'l "uTlI cons ists of 111m ' fields: 1I11111bC1' of mdicol.~, CIl M, and a pointer. CAM is
lilt' rhnnu'u-r n,ljilC1.·IH·y umtrix or llw 11I0dl'); poillttrpoin ts to th e component RAG
1:1ti
Following t he dil~h(,lilim' stu n ing at IC ll " C ~uhlah le l ill Fig ure' i. li, lilt' inh 'rn,,1
struct ure of t he comp o nent R,\C ~ llbta "h' 'If i\ l11mld ls ill ustrutcd, Tho j·tllllllt)lU'll
RAG sub tab lc is a one dlmens lonal m-ray (Hid the ~i Zl' of the arr ay is ,1"rilll',1by t hl'
numbe r of the radicals ill the model. III the HAG subtuhk-, I·itch rt'n lTl {"{lrrt'S II<llL,l in~
to a component radica l hl\~ two fic1ds: 11llfiCli l-cfJllrand t1ddJT·,~,"; II! /(tln. '1'1\1' HAG
of the component radical is stororl at t he Ilo~ t rllr rndicnls .
The host for rndlcnfs
t he database.
Similar to tho dwracl.cr la lile, lhl' l'iI<lin d lithic is i l l ~u n. Iinkl,,1 IbL III till' r;1I1;";11
tab le, each record ("OlTCSI)()Ildilig to i\ nulic..l, I·OlI.~ i~ls of t l ll'l~ ' Iiebls: Illdif:II1-f'fJllt~,
and two poillt ers, One painter points to all index s llhla IJIt" wllile tIll' otherpoi llts III
a MRAG subtnblo . Fig u re Vi shows til,! strnct.ure of it riul;"'11 ti llli l"
After the dashedline IromI"IRAGsu lllallll:Iill Figll r{~ 7.fi, tl l<!illlNrlll.1slrlltlu r<:
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of t l ll~ tvIHA{ ; su!lu,b ]t· is illlls t ral l:<l. Th ll ~lRAG subtabic is a linked list . Each
MHAG uf it T,,lind is <It:sui lJed hy a record in the ta ble . Each record has two fields:
uumhcr of .~ lmkf:.~ ;l1l.1 HAM. F<lllowiJlg t i l l) das hed lin e sta ring at [index subtablc J in
Figure 7.1;, t In: jlll l'f lial structure of t ile index subteblc is shown. The index subtablc
i~ 1.lsll it link ed lisl . Ik n mJs of the subta hlc consist of ll,e char-codes for all the
( ehar-code urodei-unmbcr ~ MllAG."bl~LIe
d, arartN 1 1 I Itahtl' (
cha r-clull· mmlel 'll llmbcr MllA a ."h l_l>I.
r . · -- -- -- -- - - .- -- . - . -- ·· - - - - --- - "
r - - • - - - • • - - • ~
~- I ""I;" " ·""""I;N II CllAG,,,I 'l ftl ~" ,,,,Jje "' ·cod o ",1,1".. . of HAGI I
CA:o.I r.nlhal-munhcr GllAO." blah le ,,, d k:.aI·<o ,le ...Jd,....oor II AG
"ll rM : ." hl "hl ~ .." np<lloIlt RAG l.wl o
1.... 1 for n" l i ,, ~I.
nul it ';i1 tubk- cha r-code ')
: I I-U
radfral .......li'" los.lIlJ",hl c . ' chat-code
C
rodr f-- ~1I1AG,"hll.I ,lo
..... ____ _ ;~Ld~s.,."bt"bl"
C
~ nAM ~trokc- ntl mbeJ ')
rudlrul ;"01,,• •"I~ "t,l~ I I I-r
l'lHIt· r-4-~~IIl '\(l"' I" " I~" I rl.!tM.!l 5tTOke-lltlm~p
~mAC,c·LI"b1.
F i~n fl' i.n T<l llll' 111'\ work org'lIliznt ioli of model databa se.
T he da she d lines connect suhtilhks and theh-iru erou! s\'rul'lllTI's of ~ 1I 1An su\.l ah ll'S.
com ponent HAC subt ahlcs, index suh l ;Lhlt-s, ,mt! ~mAG sul)lilh ll·S ill tilt· network .
7.3 .2 R A G in t egrati on an d HAG integration
RAG integra ti on a nd !l AC iU!.l'gr.)1.ioli ar t' proposer] to s)' 1I1] \t's i:w r;"lil:;ll a Uri!.u1"..1
funct ional components lIsl'll for lcnming by t i ll ' S.lI11Il !c'S " f 0111 inpil t d Wn H"I,('r .
T he RA G s to be sYlI t l ll's ix( 'I ] are s tored ill a l ist I'; l ll l~cl lbl' U /\ G illl,t'I.!/il1.iUIi [is t.,
Each clement of t il l.' list has t wo lil,llb;; UIl' 1I1 1l1l1ll' t of sl,ro kesulIl! U A ~'I. If I,\\IU HAc;s
in t h e RAG iu tegt il t io ll lis\. t:1lI1 1)('sYllt lll.'shw d, 1,IIl'Y M I' rc'p]ill"{'c! hy llll' <"Oll VI'l",t!;I'll l
RAG . T his pr ocess is C()lltilll lt~d uufi l t llen ' ilW uctwo Il AC ;"~ t11i~1 1"0I11 Ilt' iUll'gr;lt .',1
in the RAG iu tcgmtiou Ii iil.
IlAM* U'" ,1---'--7-'-RAM-*:
. r • ~RAM*".r ,RAMm-. r
..rh;t " "L· l
JlAM*.r
,,·,It ., ~!lAM*""f ,I!lAMm., ,
Figure 7.7 EXOl rnl' k' (,f HAC; jll 1.q~ r il li , u l "
F igure 7,7 illust riL1cs ;l1I exa rll l' ll ~ of IIAC; illl.':gr,di t!U, lnititdly , 1I1' ~ r" M' ~ fou r
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dC!IIf:r1h refl r'l~CJl li ll ~~ Iour RAGs of lL radical in the RAG integra t io n list. With the
graph ~Y ll t l){:s i s evaluur.lcn , lIw HAC or t ile first element call he synthesized with tha t
IIf lIw sell/uti IJlrt:. "Hcr the first stcp , both RAGs arc rep laced by It new RAG in
1I 1l~ illl c~ral i fi ll list, alld 1I00V t here 1IfC only three records in the list. In a sim ilar wa.y,
this proccsa contiuucs.
T Ilt' IIAG integrn l.io ll is doaigued to synthesize the hierarchica l attribut ed graphs.
T he hh'T.wh kid lItl rilJlI l(~l gra phs (IIAG s) ere stored in the IIAG integ ration etruc -
t.Un' whif:h nl ilsisls of 1\ IIAC: ;ntl'l~ff\li()11 suhta blc, component RAG sub t ablcs, an d
HAG i l1 tq~ratioll 1ists . A HAG intcg ra tlcu linht a blc is simi lar 10 a MHAG sub tab le .
Till: rn :ord (lrit IlA(: ill tIll' ]lAG integra tion table consists of three field: numher of
nulinll s, CAM, nnd i( po ill!.t'r, whirll points to the component RAG subtab lc of t h e
IlAG, Earh rt'("or,l llf till' nlillporll'lIl, HAC snbtablc consists of two fields: a radical-
rode aud all ,ullln'Ss of HAG which is stored ill it RAG integration list, Based on
till' sy nt ill'sis t'OllClitiollS of t wo HAGs ill subsection 7.2.5, it call bo easily concluded
t.hat t ill' roudit.ioustlmt I.\I 'U HAGs ill 11 !l AG int eg ra t io n subtable can be integrated
,11"1': (I ) t1lC'y haw tIlt' SHIl II' CA~l, ,IIHI (2) boLh of their component RAG subteblcs
,11"1' t ill' S'1II)('. Und er lIlt'St' rondi tious, bo th IIAGs arc replaced by their convergent
II,\G. Similarly, l ilt' P1'tl\'{'S,~ couttnucs uut il uo t wo !lAGs ca ll be synthesized in the
II,\G iutcgruticu suhtahl\',
1·111
r--
-12
C'M
·L II A "'~ IlUICP~ ., , ~ J / ,.':,A)' li .r ~ +' lfl'a ~~ -\ -,
CAM ~ [ ~ I-- ,f: ' Ci~([ 01 j , ~J=
':,Al.l 7 ~ r , r--£- ·"'f ..., r~ '
r2!-
la) II,\( ; i""'f,' Alioto~"lKhw I...,,", ..t'l~~; .J.ll'\(: i."~r ..t;'l.
!lAG i" lq; n';"1I " ,ot ..l~~ ~n"'po.".1 ItM : ~~ ht ..l~r II,\!; i"r' ·J. dio•• Ii.. 11M ; i. "'f, . ..lio,,, li~.
Figure j ,g EXlilIlplt: uf IIAG i1ttl'~ r;atiull ,
For exa mple, Figure 7.8 slllllYs IlII\\' l1t\G,~ (,r iUI illjJOll rIlan.r:l.I:r .tTI' i ll l'~l!,ra l.l"I ,
Figure 7,8{a) i1l 11s l r ~ ll'~ l ite IIAG i lllq~mtiulJ slr trr:ttl rt: !", rUTI' 11 M: i lll..'p,ra l i" Jr. '!"lrN"
are four records rel'Tesl:nl ing ruur IIAGs uf rhe d llu,u :t" r itt t l.., HAC:ititl"j.;n,t i' l1Ilal.' ,:.
Fig ure 7.8(b) shews the flAG lnlcgrRl ilJlI structure afl.:r HAC: illt.:~ ra l i<llI .
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7.3 .3 Modificat ion of models
With tIll: la"ll ~ udwurk orgiLllizatioll, RAG integration, and HAG integrat ion , t he
Illmld dHlab ilM) can Ill' uI"!;l ted directly and quickly by learning from samples. The
modiflcutlon procedure w llsisls of t wo phases: transformation and updating .
Tr an sformat ion
Fu r l 'Il.C:1J Si ll Il J!h · of ;)II input charur-tr-r, there is a S IIAG and several SHAGs which
1:l)m~S]lOl IfI lu LIII' riulitills ill t ill: sam ple. III t i le t ra ns format ion phase, integrat ion
uf HAG 111111 HAG is pcrfornuvlto reduce t he mnnbor of SHAGs and SRAGs. FOT
cadi f:OlIl!'CJIWlIL r;lllic'.,l of tIle input chnrnctct -, its RAGs of the samples (SRAGs) arc
Ilbla ilwll 11 1111slorell ill its corres Jlolllling IlAG integration list T hen the HAGs of the
lIa mpl,'S (S lIM .:s) an- ('lJlIstflll'h'l l mill stored ill its corr esponding IIAG int egration
srructuro. HAc: iHtcgr;ll,iol1 is ;\lJ1I[icJ 0 11 each RAG integrati on list in th e HAG
iutcgrariou str uct ure sUfh that no two SHAG s in the list can be lurtbcr synthesized.
At last , lilt" IIAG i ll l<,!~r;l liull is il!llllied on tllt' HAG integ rat ion str uct ure such t hat no
two IIAn s ill t Il\' st rurture run !.t' fur ther synt hesized. Th e steps for tra nsformati on
Ste p I , For l'ar h \"OIUPUII(' lll (Jr l fw input character, create a H,\G integration list to
slCJrt' ilsSBAUs,
S t ep 2, Creau- \I An inlq!;ta liUIl sl l"ur l Ul'I' to store the SHAGs of the ch a racter .
Step 3, Apply nAG intcg rntlonto l'1\("h IlAG inl l'grilt iulLli6t .lUd"djlls111lt"ll ldrt 'ss
of RAG in oach component !lAC sllhl.able .
Step 4, Apply \lAG integration un lI ll' HAG i1l1l'g ra!.iI)ll slrllr l.l \fl'.
f-jt Rt ~t
(-(
+ ~~::--- -cl ~-I·~ I - I
- j- _..-
l,l l HAG i ll tq~r lll iull st n ll :lllrl' lIflt:r llpplyill~ HA(: illll~~ r1ll i' lli
Figure 'j .!J 'I'riltlSr"rrwLlioli of SMlIplt·s flIT a n iUJlllt dil irild.l·r .
1<13
Fig ll rl~ 7.'J i lJu .~ tl'lttcH all I'Xiuup)e uf tran sforma tion . The input character has
l lt nx~ slUul,k."i(Figlln: 7.!/(a)). Th e original HAG integrat ion structure of the input
dHirilr:kr befum HAG ilitegr llti(1iJ and HAG Integ rat ion is given in Figure 7.9(b) .
Figllre 7.H(l:) sh(}w.~ two IlAG iutogrntlou tahlos after ap plying RAG integration.
Figure 7.!J(11) sllowli the HAG illtl'gr iit iull stru cture a fter applying HAG integ rat ion .
U pdnting
T ln'n! an~ twe r ilSI'S uf 1IIHlil1,ing. TIll' [il'sl case is tllllt all input char acte r bas been
Il"ltlwd I,,·fon '. T IU'llIu, ll'ls for tln- d lilrill:ler cxi~ t ill t ile databas e amI the change of
u... lIIudd .~ is IIPtTSSar}'. T in' St'nllld CIlM! is tl mt 1111 inp ut charac ter lias never bee n
h-arned, mill L1 11.'r,: is therefore 110 model for the chara cter in t he model databas e.
New IUtHIl'ls lor till' input eha mck r have to he inserted in the da taba se. In both
n lS('S, for lll{' 11.'111'111,11 1'1I11k 'lls of th.. input. chaructcr, t.he models of their radica l-
'!niv''11 charactvrs ill tilt' mudd .1;lt ilhilse sholl!l! he motlifiell accord ing to t he RAG
ill1.cgral io n !ists of till'S(' rudicals.
C ase 1. TIll' input t'[rarurtcr IIiISbwu lcamcd before. All its component radical s arc
till' leann-d riltriea ls. TIll' uptlali llg procedure for t his case is:
S lep I. It) Mil"t, II cupy ur III!' '-l 11 I\C l"h lt' of t he Iound 1110tlelS From the host for
dl 'lri lt · l \ 'r~.
b) ~ 1,ikl' it rop y <If l'ill'lI rutupuuent HAG euhtnblc correspond ing to each model.
Step 2, !'\ 11'";,,,11 "Ol\lp<1I1\'1I1 rallie'll, make a copy for its MIl. AG subteble in the host
1-1-1
for radicals.
Step 3. For the input character , Uptlilt,I' t ilt.' lIAG illlt":;m tiull ~Ir ll l'tllrt' lIhlaill l',1 ill
the trans fonuatiou llhm;c.
a) Append t ill' ('01')" of the l\l1IAG t"II.1,' to 1111' lIAG illl"l;r'll itlil ~ lIht.III.1,· uf
the inpu t rharactcr.
b) Addthe copit':> of till' rornponont H,\ G ~lIht;lh l, ,:> nlrr<'liI''' lIIliuKttl tilt' 1I1l,,1·
cis lute the IIAG i ll l . 'gr il li u ll ~1.rud."rt'.
Step 4, a) Apply HAG i ll l");l"i l l,ioll lo I';wll 11 ,\(; illl. ,'/.\ral i"l1 l ist ;11111 ildjlls1. tl...
il.tlJ f<'S~ of nAG ill c ad i 1"IJIIIIUJII"ul llAC: slI l,!.;. !' I".
b) Apply 11 /\ 0 integration to lilt' "AC; i u tq~ f 'l l iull SI.r1Il:!.IIl"t'.
tah le and 1.I1l..'rolllp'JII(' II1. HA{; su hll1l,rl'li oltlu- II A(; illl.q .!,fil1.illll sl.rurf.un-.
b) For each corupoucnt mdkal , rt' l'l a t:t ~ its MIlA{; sII IJ1.;.I, II' i ll 1.111'Illlst fOf
radiceia wilh il s HAG inlt'KHl.lilJll list.
St ep 6, According tu the r;uJiral tw lc of t';wll wllll'WII'lIl radil:,.1 wl.id. is a rl,.lrtll:d
145
':lLk III tln- nul it:il' ta " le, t here i ~ a rhne-rode for cadi radical-d er ived character
{If 11,,~ radi ....l.
S t e p 7. With l ~ar: 1 1 dlilN:lJ(II~ , except for tile char-code of the input character in
the illdl 'X ~ ll lJl.ahl( ', ~I'M(1i tho cha racte r tahle to find the MIIAG subt a ble of
S l.ep 8 . ll i , .~" , l "II t ill' AlII,\( : ~ lI l>l ll l. lt'. chtain its compone nt HAG subtablcs a nd
;lllj'l.~l ti ll' ; l d d l"l '.~s('S of HI\G ill t hese component RAG subta hlcs.
Ste[l9. !'i, r till' MIIA(j suhl. "I ,!t' ufl ' iU:h rilll;ral -llcri vcd charactcr,s ynthesizeM IIAGs
if t lwy Ilil\'I' till' sa ll ll' (' /\ L\ls i11,,1 {'llmllllllc ilt RAG subt ablcs until t here are 110
lwu MIIA(;S whieheau IH's)O Il I I l('si1~:d ill t his wily. Exisl l hc updat ing.
Case 2, '1'11 \, ;11 1111 1.dH' l"llrt,' r has never 1It'l'n learned. Th ere may be some component
rilll i(-i\!s whid l MI' l{'al"lll'd riu lir als_ The updating procedure for th is case is:
Step I . Wil,lJ IIII' rad in ll ("(j,II'S \If the component radicals of tile input cha racter ,
s"ilrr h till' r;ulil-ill 1,,11,' fil l" t he component radicals which arc learned rad icals.
S tep 2. 1\1011... ;I ""1' .\' (or ti ll ' L\1It1\a subtnble of each ICliTlI.'I\ radical and Append
tlu- <,II I')' 1" IIII' (Ou1"rI'Sp u m lilig 11 /\(; intcg rutlou list of the radical in the HAG
illlq;ri\ li Ull st ru..l l1l"l · lIf t lll· input eharactc r.
Sr.op 3, a ) III t Ill' Il AG illll'gr;ltill ll st ructur e, apply RAG mtcgra tion t o the RAG
i ll t l'~r<l l i IlH list of (';\1'11 11"lrlIl', l rwltca l and adjust. the addre ss of RAG in
1111' {'\l Ill PIll II' UI H,\C subtabk-.
b) App ly HAG integration tt l the II:\G iutegretion str uct un-.
S t e p 4. luscrt ucw modelsof lllc input dlilrill'h'r into lilt' 1 I II ta hil~'·.
a) Inser t II recor d ("Iltlt ll in iug 1111'chur-rcrk- lind H\\ldl 'l-nlll ll],t 'l' or t Ill' iU1'ut
d Hlr llcl cl' lute ll l(' l"!llIfHf tl'r tahh-.
b) Add the HAG lntcgration ~ l1 ltta hl{' and the l'ulI1!llJl\l' ul I{A(: ~l1hl'lh l"s of
fl AG illt,'gmtioll ~t f ud lln ' illll ll' hus t for dlilwl"l,'r as 1I1,' 1\1II /\(: subta lll,'
and the C'(ll1lpouc'1l111,\<: .~ lIh lilhl, 's [<II' IIII' in put C' hiUill'll' l".
Step 5. For each component rlldi(';d wlnr-h i .~ u It'llTIlI't l filfl ind , l'f'pl a n ' i L~ 1\1H/\(:
subt nhlc wit h its BAG illh-gI'111ion list .\Il tl illM'f t tIll' dlil f-I'tJt:, ' uf t ill' in pu t
cha rac te r ill li n' cu rrt'!;plllldi llg iurlt' )( s llllt a hh ' i1SII new rl lt lkal - , II 'r i v, ~ 1 ,.]la r;lI"-
t el'.
St ep 6. For each component rad ic.d whirh i,~ I ll , l II l"MJll~l radind, ill M'r t II n'ful'd
which co nt ains the dli ll'-ru c1.' uf LIlt' iilJlllLdlilfill'l<'r ".~ II IH'W fiUlil"iI I·r!.' riv",1
cha ra cte r, and IlIlI! tlu- 1'IIl'rt'S!JIIHllitiVo II A(: iul . 'gl'a Li<JtI li ~ l iu t u LIlt, J H ,~ t fur
St ep 7~10 , Sallie ax steps fj -!/, illd llsiw ill niSI ' I.
IH
i 11 :1. ~1:
II F I J K H
lhlsa "' l'l,"."f r," lie~lsolihp " l ch.t.adc,
(e ) 110\<: illl<'I\,a lio" , t ,,,ch 'rc .r Ic, al'l, lyi" l!.ll AG ;" t~&.at illll
FiJ.;U l"l' 7,l1l llAG illl,l-'gr lll ioll stru ct ure of 111iuput character.
As nt SI' ~ b l'nsil'l' and similar tocase 1, 1111 examp le is illustrated only for case 1.
TI II"l'(~ s Olm 1l 11"~ llf an input -hnmrtcr ( 1::£ 1and the corresponding IIAG inte-
gl"ilt ill ll strucf.nn-, "fl ,'r ilpp l.l'illg !lAC illtt'grnt iull alld IIAO inti'gra tio" , arc shown
ill Figutl, 7,10.
Figml' 7.1 t ifll1sl r ;l!j' S tlu- 1;lh ll' net work orgnniaatiou of the model database before
IIp,latillg, TIU'l"l ' HrI' lhrt'('(' (J-riltJin d char1ldefs( & ,ti ,1t)of the
input d,l!till'1t'f ill 111I' 1;111 1<' network . ;IS well ,1S two models of t he input characte r,
whichrnn nul hi ' s.I' II ' I Il ,:<i ~ ,,1. A.~ shown ill Figllfi' 7.1 1, the :-.II IAO subtabl e of these
Iwu moelcls, allll 11,1' ,'urn'slltllllling rcmpom-nt HAG subta blcs and f1.111AG subtable
1·1:'
ao =0 ~~Tr -
LL_-'-__JL '~ MI;:;~:,;,; ..I ,~
" :J ':1, "f "'1 '';L "t
7.l 2{b) indicates till: !lAG illtq~rj[ lillll st ruct ure ultt-r ltJlJl lyiuKIlAC i ll t{ ~K rl{1.i,JIl !I{{II
HAG integration o{s le !' ·!.
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(II) I...r"", II M l in l<'JI:"'l i" " ~,,, I II"G i "t~lIf.. ljo ..
""11 HAM ,J ';t 1,,' " " . ,
11 , .•,)rE
11 ~l r.11' llA~' :1 1 ,,,' , K s
""I /~~1: -: 1:,·,·,1
Fil\llrt· 7.l :! H,\ U imcg rntiou and IIAG integ rat ion ill the upda t ing.
Figu ft· 7.1:\ i l hl ~l ralt's Llu' \"\.'S u l\ uf llp tlOltillS t he table network in Fig ure 7.11
ulu-r slt'!'~. 'I'he ~lHAG SI\IoI"b\I'. rlw ro rrcspcuding componen t HAG subta blcs,
and the corresponding ~I\{ ,\G lIuhl ilhlt'li ort he lnpnt d Hlr iH"h 'r ill tlu- I"hl,' Iw \.wurk
are replaced hy the thos e subtablcs ill til\' HAG :1I1q~falilln lI!.nu'turt'. T llt'llt' 111'1\"
sub tables ar e indicat ed by rcctnuglcs of boldllucs ill Fip;un ' 7.1:1. 'I'l l\' iltlll rt'lIlit'li \I f
RAG in the component HAC tahit'll uf til l ' ro-radlcnl d w t lu''' 'l'l\ uf lin' input rharnrtcr
a rc adjusted. These comp onent H/\ O tahk s nt" llIHrkt'tl by rI't"tang!.'s uf hol. l tllls IU'tl
lines in Figure 7.1:.1.
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Figu re 7.1:3 Updaling res tllts afl er skI' H.
In step 9, till' HAGs ill each ~I JlAG s u!Jl lIl,],) with I.lll: SI.lIl f ~ f;ulIll'fllwnl HAC
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~Il IJta"le~ Iln~ ~YlJtlwsi~nL T ile updated ~'l IlAC: subtuhlcs are indica ted by rectang les
uf bold lillL'll ill Fi~lIre 7.11.
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Figun ' 7.1,1 Filial ulJl1"tlng results for the input character,
Arl,'r rlu- 1",lrninp, prun'1<~, the t.ilhll' network contains tile information or th e
111,,,1,,1:; fur 11 '11[11('.1 dl'Jr<H'll'r~. " her tlu' dat ubasc is updated. Ii nell' mul t i-way hct-
"Wp," lll'lJ11S In '" ",111 Ill' h: li\t fur rt'fogni t ioll according to the table networ k, All the
lll tl. lt'ls an' illst'rll'll iulu tlu- tro-, Oil" h~' one. ilccurtling to the algorith m ill sectio n
(i.:I,
Chapt er 8
Conclusions
8.1 Summa r y o f co n t r ibu t io ns
In th is thl'Sis. Wt' 11 11 \1' Jln~' I I II, 1 it Iu-w IlIdllu.1 r" rdr,' -Ih..·rl .. ·. ,v,uil i,lII..r Ililll,I\\'r iLto"lI
Chinese d laraclcrs. A "tr ucill t..! n °l' ro""'l lill iul l. r-.. lI...II.i.'rilrd lil 'OlI ,IUfilml., 1~ r;I I , I ,
repr esenta t.iun (IIA<:It) , is iulrll, hln ..1 I., ll'l'fl-so'ul ilwl ,1."Snjl... I" ,lh iu vi,r i'llIl i' lI.1
\Inst a ble Ice t urcs . Fi t><' . lh. · ~lruk,"S .. rooext r.If'I ,, 1 ;m,1 t,r' '' ' IM, 1 iul.. r,,,li' i.ls. Ar" 'r
th a l , th e ra d ica l il' , ril,u lt,1 Jl.,rl,\,I, f ; , "" ( \~ . f :, ) is ....us, 11Id ...1. '1'1,.· ,,,Ij ill ' -l l'y 'w Il ti "
has 1x'C 1l chosen ilS th. ' ,Ii,t" s trurlufl' tlrtIll' at tril ,ul<·,l J!.,n ' l,h ill lllO ' l' ro'l'ol'1l1 ,,)'..11-111.
Th e hils o r IIII' ('nld, 's ill tllf ' matr ix ,ksn i lll' 1,1". iIUribul.,· sl'l . ;l sM ... i" t , ·, l with 1.110'
atl rihuh.-d set : (I ) .~ rcm, w· b 1"I·. IOI ...-l. (~ ) /!,fill,l, rllill lh ill ~ "' Ii, i,·w y i:-;ill ll ' t " VI ~ J , j,,,,1
(3) t he varjatj cu rd al", 1 I II t l... ~tn,k.~ I,YI"""r u ri'· lIlati.,u is jlll.,w.·,j withou t Ilavilll!,t.,
1'i1
1.53
i /ll :rI~il~ l ~ L].. ' rllIllllwr of lIIl).rd ~ fur l:iIC!t character in t he model data base. All JlAGR
f"r tlU! d Flradl'r enu he f:<!IIslrllctl'd hasl'd CII I t ill' radicals, rhus the recognition process
hec:lllws a sillll' ll~ task of gmpll rrliLl.dJilig. A cost Iunctlon, mapp ing a candidate to
I. IIIIIlI!'1 ,l!;rlll' li , is i lllTllllurcd til 1I1('IISUr C the Illatd lit:g of graphs. \Vith a matching
pr"n'd ll f(~ , c:h'lra,·tNs nlll ht, rt'fol\nhwd if a mutch is found be tween the IIAG R
uf a c'han u:tt:l"1111<1 11 stmc'c1 1lI11lld. T his app roac h call tolerate the varia tio ns of
IIAGIl whid l rdled till' irlstill.ilit il'stl r wlrial,ilitit,s of ll1ludwrittclI Chinesecharacters
""sull ilJg froru dirfc'n'J1t wrilillt!, style's" Chuructcrs with dilfcrc ut writi ng styles ca n
IIf' e"urr.'dly n'l"up,nizc'cl ilS ti ll' snnn' rharaetcrs. llAGH and gruph mat ching o ffer all
I·/lidcl lt rrwl luHI fu r ( ' l l il ll 'SI ' [ 1I"l"< ll:1 c'," rel.'og l li li o ll .
In unlc'l"tu l,cl lie'\' I' II1'1' U I"OH')' 111111 spt'l'c1 in lI lt , recoguit.icn of handwritten C hinese
d litrill'krs , t.lu- Ilat l.IHIM' of 1111' f"llilrilrl. t'r lIlod d s is organized as II. mult i-way t ree
st rm-t.nn-. 'I'll il\".,i,l nll 'IIIOl1')' unit 11"IISh', il rndical lillke,l Ib1. is built to st or e the
n llli.,u1 ;lI ljiln'lI"~' n lil l r i n'~ , illlIl iude'x arr ilYS aurl rompresslon vec tors arc employed
wil h I,lli' In't'l<l.nll" l lIft' \u Ilrp,ilni;w tln- cl"lahllst'. 11l "~ h'1I d of duplicating matrices in
II... t.n-c, lht, ,Ill-In 'ss of n U:LII ill tlu- !"lillieill liukcdlist is stored in the tree . With
l ilt' tn 'l' lllnll"llITl', III,' dillirult and h'd io lls senrchiug of t ILl' mode l dat abase to find
iI Illt "I ., 1 I"lHirilt'1c'r III match i111 input vharnctcr can he broken up into 11 numb er of
simple' and 101"11 1 d('I 'i~i(!l1~ III tlirfl' l"t'lll I t' \"('I ~ of tire rre- . TILeunmatched models ill
rlu- Ill o ele' l c1a lidlilSt' r illl Ilw]"I 'forf' 11<' t'xr ltl<lt'd at <I n t'llrly slilge or search ing a nd the
~t';.rdl i l l~ tiuu- filii Ill' ,!!;I"f'illl,\' reduced.
A \earning algo rlthru \I~ill~ p;ral l\i ~~' ll l1 l\'~i ~ ] Ii l ~ 1"'1'11 ,ll'wlo p" .l I" I'rt ' i . k i\t1,1
upd ate models ill tho HI'hld dat il!la Sl' ba~,'d ou tlw hi,'rar.'h ir i\l iIUrihul l"\ ~ri'I ,\i~
ex tract ed from the ~ilm l't,>:; of in p u t t 'hnrac-u-rs. T h is a l~tlr il h1l 1 is rill lal,l. , uf I II
syuthesialng the gra phs ILl11tJllg the SiUHph>:; o f " II iuput chartu-tcr, .lI u1 (:! I Il I'l< l i f~' ill ~
t he graphs of existing Illmld s of I,h,' input rl lari.l, '!" Il~inl; II u- ~ f; l pl .s ,'s l rilt"ln l ilnd
synthesized from 111l's" samples, With tIll' 1" i1r ll i ll ~ i . I ~(J r i tl ll1l , 0111,\' iI few 1I111 d , ' 1~ II .~ ~I
to bebuilt fo r il r1li1rm'1,' r illsl"i" l of l1~ill ,L!; Il Ia II,\" lllllll"ls n ,rf<'~l ml1 , li ll p' 11l,'ad . SHIIII'II'
CO\"Nm o st of tilt , l.ypir;11 sl nu-t.urr-s or Cllillt'SI' dl" r ;,d , 'r~ , Em,l. dass IMs UII" \'" 1'011.\' ''
five ,!iffcr t'nl. 1111l '], '!s. h i 11l1 i,I, :I:\(lIJ rh" rad ,'r ItHul,·Is ;, 1"1' ,'n·;.l,·,l l ,,\' 1111' I"ar llill,!!,
8 .2 Exper iment and ana lysis
have he<-'II con dllcl,I,.1 on il ~ l [ I'S /~ [ , I:.! 1J I'>lull ing It /SC'/O S ( V" I ~; "" :1,1) 1I-~j ltJ.!. II '~ I
str okes with ,l i lft 'n'l l l lellgt ill's. ('l ~ rl ;, ill ,I': \' i:l l,iolls «f sl.r"k,' . l in 'd i" l' , l/HrihUS sl.n ,k,·
connect ions, ;'1111 sl ruke tY]J '~ (!'.f!, . •I',l " I' lirll'). whidl .Iif[,'r ;".,-or.lill,!!, I.. dilf " n'lIt
wrilt iug lla lJih . TI ll' rc:t'ogll itiou n ih: "1111 ~ lil1 I", IlIJ, iUli l i l ll', 1 :>1. " \'f 'r ~I<! 'X , 'J'J...
rejection rete is iV" IlI lI l 1111' lIIisdllssilin,ti o ll rlllt: is rlllw lJ I.·s,_t lHlIl 1I.!J1'j{.. T i,,:
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;l\"' lil,\,· ti ll \I' 1.....,1. :01 tu ~ " Jtrd l I l l" llllll li -WH)' 1 1'~' fur au illl't11 dl<,rm:l,,'r h " I,ou t
lJ.lll j."",s q.u lilll". F i~ lI ll' 1\.1 S!l"WS MU W' or 1IlO' s" llIl'ks IIf h<llll writ h'1l r!l ill'm:I,I' rs
1O " '''J ; lI i ~'' 'd 1,.\' lI,;s sySI' ·III. '1'1", S""l'dlilll-\ t illU' ror siH!!.l,' ""11I1" "' 111. d l<ln" ·I."1"S is
.~ I l" rj,·r 1.f"11i I h" t rOIl n HlIJIlOU II,1 ,-ha t',Il'''' I'S, Th i ,~ is n ';ls"u ;d, ll' ilS 1IlJl'" rll, l i"id ~ havr-
I " Iw r1 1f'l' ~ "r1 r', r l 'UllIllUUlld rll ,1I'~ l d l ' I,"
:+ fs- 1f o§ }Jr- j~ij
.:.1.- {~ j~ i~ ~t *1.t. .1L,,
1:- me ;t;'O- 1; ;{~ ~~~ I 13 'f~
t} -l-f. 1'f o~ t* ;fl
*~ *~ ;i. +r- t+ ~f-;(J., q:k. f ~G ~ "I 9 ~11q-
~f -;f: ~~ -4 ~ -'rf'" f~e.f. .-r
Fi!'.1I1" :-\.1, I kt'< ' ~~ lli :,', l :-,11 111'1 ,·".
1 ~ll i
illg .
1986). bot t hey an ' corrl '('"tly n'("uglli;rA ~I I IY our il l~"r i t l"lI ",it l. 1111 ,l illi"lI 1t ~·.
(2 ) Chara ctcl'!l witll ,lilff'n'1I1 wrilill j!:sl~' l ,'s Sltl'1l m~ ll ,t )·(i~~:f:k l, (~J
,% ), I~ ~,~ ~J) ' IG, [ill l. 14- ,If- I. Ii .~~ I, I~:f< I. IIK ·I\\ I, ;",,1
above groups cn u I" , ,Ii. i,it',1inl.. lin' r1"ss'os.
lh l' <li/fetelll nJIIII'~ 'li"I I S , tlr Illlllll.. -rs ur "l ,. .k.os rur .-I tilr ;...t ' n .. r •.;,.-1. 11."1111' wit II
he di. .tillgtli!'i"I~ J rrulII "iII,1t"llll'f. Fu r illstall.... ill ~r,,,,1' f litlit rtll. uw ......, u ~· t i,,"
represented as T is dilf"I" 1I1 r,"llll l... ..."llu~ ·l i,," in till' "",,, ,,,1dIM"d"r "r 1I... flli ., l
Cla.ss B: III gro up ( 0 J. ~) , tilt' SIJi,ti;,J rciatiuu I.I ' I "" ~ ' n 1,." l in ,ls ill tlll' lirst
cha ract er is LU, wll i ll~ l it..' ill IIII'sl'I·ulI.1dI M ;,<:I "r ls 11(:.
1,,7
I " n'I,n 'Sl'll llll ·lll. 'J·lu·u·r".. ', III' ')' ,';'11 still I,p 1'I ~·u"' lli "l., ·d as I,IH' Si' lll( ' dl ilr;l dl~r
Ilw rillli"ili lillk lisl, 11u- HIIK, UHI " f IJ I"II I"I ~' " "Jlli n·,1 fur 11... lHulLipJ,· 111, ,,1.·1, .J". '1<
" Uril' IIIo..1~r;' I' I I" ..r ri" li ";lI, 'f ' J:.. . '7 . ~I .ifll d 0 ill" uniqru-Iy "t"r "d ill
II,,' .. .. Ii,·" l li" k l i"t \\ il l" ' 111 . lul'l i' ·ilti""_,,,
IIr l h ,' .·I I I " i \', ' , " ' llI lI'd l" ' 1 .,r"tl" k..... If " \1 ill\,'l l \·lli.rpt't c'r n11l1 ", t I~ n'ru~!,l' i lt'l l . it
without sea rrllillg allllll' IllOtld~ ill tlala lla",-' .
8.3 Directions for fu ture research
Direct ly related t o I II(' l"t'St'a rrlt ill t ltt· III1"" i" , t ltt'''''' ar r- ,;o.·I,,·ta l illll 'r''l<till~ pr " I.I'·IIIJ1
t hat need furt llt't c(l lI"illt·n l liull.
8 .3.1 Radical gro u pi ng
An algorltlnu to grml p JIL l'll],;"" illll1 r;lIlin, l" h.I ,~ I"~ ' II p r"J " ",, ~ 1 1.;,w.l " u 1I", ""'Ull·fljl '.·
propcrl it'S of l<lro k, 'S nml 1.. , :1: l,rup. 'rl i,'l<" f ra.l;I'I1 I", lI"w'·\', 'r, fur .1 d l.lT.ll'I,·r willi
M"\-era l rad icals , i\ n"lin l ill lIt ,l alw<ty" "" la ritll ..1rrt Jll I u lllO"r r... li"I1 I.,.;m.I II"'}' Iw\',' '' u' '
o r morc s troke... CIlIllIl't'ti llg wilh l ilt' l<1tt>kt-:< ..r 1I11...r r...lin, l" .1"" 11' n lt, 'lel<:s w ri\ i ll~
or ooi5("dflTb , III IIl L. "il ' lllti"... tln - I'r"I' 1 ..1,;.. rill tlll (;,i ll< I" :>I 'I>o<ral, ' r;.. Iin lh
touching cadi .. tlll'r ill it d lMitrl" I , OlIO" p" "il,l<· w;,)' I" "xln" '1 111I'1I1I""'.arll....1
radical ill 10 filld a lllUlII1lI1Urpl,iJlIll1..-twre-n t it,· ......1,·1 t,rilph " f tl... r."l k ,,1." ..1 11,.'
g raph of t he part ('(Jllliliuillg lil,' llIlS(·IIO' til l ,..1grill,h IIIIII"r "" rl a ill r " u"lr " illl.,.,
8. 3.2 Error t o lerating m at chi ng
Somctlmes, it d lOlI ';II :ll'f i.~ \\,l'ill l'u willi "..vl·rill ditrl"""ul lIulll lwr" "r s t.r"k, ,,; 1'111, i l.~
s ha pe anti major f'u ll fi~lI r it lil'" t1'IlI;, in lIllf:h;\II>:l>rl. 1/1 ul .ln III t"""~lli~,, ' al l l h . '~ '
variat ions a.~ l ilt' sa me flt " r ll r.l ,~r . "(~I"'ril l lII'j ,I.,ls lItl' .....I"in'l l. If ;. 11 ' ~rrur · t ' j ll 'r il. ill
m atc hin g, algorillu n 'I·Md, r." lJ iAlIfJrr· such ruiunte-dif f'''' ' '/lI'''S <:'\11 I..· ,1" """ jl" ..I, Ill'"
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1tI11J1mf f,r lJl(jdd ~ n ' luir c<!lu I"Cpfl.'liClil c ha racter vari atio ns ca n b e greally red uced .
8 .3.3 Learnin g from feedback
W ith ti le 1 1 ~;lrJli tlg algorit h m currently implement ed i ll OIl T syst em, the cha racter sa m-
p ll'li to I.(l ],'aflwd <I n' rtlll l.ruilcil i\ll il sdc ctc d by 11I11nan teach ers. Th e quality of t h e
siu l1 ll l l~K IIt'p t'lIds heavily 1111 till' st.a llllilf' ls o f lIWj;C l.cad wrs . T he fre edom provided by
xru-h n J('; lrllill~ p r,u , ','liS is v('ry lhuin-d , H'T itupr ovctuent , a lcnmiugalgorit hm based
0 11ft1·dl"u·k "r the- sssl.t'rn fmlll lI)(' Tl'nI~ lI i t io li p h il SI' can 1)(., implemented i n the [u-
t u n'. For an lupnt "hamel " r tha t r-aunut 1)(' matched by an y mucic! ill the da taba se,
till ' fre'qlll' IlI')' (If ti ll" rtjrrtiull uf t llll( char acter is counted as feed back. Wh en t he
fl"l'lllll'llf y is tJ\'I'r 11p;i\'I'1i I,h rl'~ huld \'~ l l lle, t he character will h e aut oma t ically selected
a s ~I fh, II',u' ll'r ,~ ,ll ll "ll' , T Ill' ~rSl('lli will then ex pa nd tIll' d illilh a se to Inc lude the
II AWI uf I,his dlllr~H'ic'r liS ~I 11 ' \\ ' lI]Cldl,1o r IISC' this IIAGn to upda te the model of
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